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ABSTRACT 

The  Williamsport  1-  by  2-degree  quadrangle 
includes  major  portions  of  the  Deep  Valleys,  Gla- 
ciated High  Plateau,  and  Glaciated  Low  Plateau 
sections  of  the  Appalachian  Plateaus  physiograph- 
ic province  and  of  the  Appalachian  Mountain  sec- 
tion of  the  Ridge  and  Valley  province.  Sedimen- 
tary bedrock,  Cambrian  to  Pennsylvanian  in  age, 
ranges  from  largely  undeformed,  flat-lying  rocks 
of  the  Plateau  to  strongly  folded  and  faulted  rocks 
of  the  Allegheny  Front  and  Appalachian  Mountains. 
Nearly  64  percent  of  the  area  is  underlain  by  bed- 
rock of  the  Upper  Devonian  and  Lower  Mississip- 
pian  Lock  Haven,  Catskill,  and  Huntley  Mountain 
Formations,  which  are  interbedded  sandstones, 
siltstones,  and  shales.  Approximately  half  the  area 
is  covered  by  Wisconsinan  glacial  deposits:  most 
of  the  remaining  area  has  colluvial  and  residual 
soils  of  varying  thicknesses. 

Landslide  susceptibility  of  slopes  within  the 
Williamsport  area  ranges  from  very  high  to  very 
low.  Landslide  types  described  within  the  area  are 
slumps  and  slump-earthflows,  debris  slides,  debris 
flows,  debris  avalanches,  rockfalls,  rockslides,  and 
combinations  of  these  types.  All  types  of  slides  are 
most  likely  to  occur  in  areas  of  shaly,  laterally  vari- 
able bedrock.  Debris  avalanches,  slides,  and  flows 
typically  involve  colluvial  soils,  whereas  slumps  and 
slump-earthflow  composite  slides  are  more  likely 
to  occur  in  glacially  derived  sediments. 

A partial  inventory  of  more  than  1 ,300  recent 
and  older  landslides  of  several  types  and  detailed 
analysis  of  13  slides  representative  of  slide  types 
and  geology  across  the  area  are  the  basis  for  the 
determination  of  three  zones:  high,  moderate,  and 
low  susceptibility  to  landsliding.  A 1 :250,000-scale 
map  of  landslide  susceptibility  (Plate  1)  is  based 
on  bedrock  and  surficial  geology  related  to  known 
landslide  occurrences  and  is  divided  into  the  three 
zones. 

The  high-susceptibility  zone  includes  areas  of 
glacial-lake  clay  deposits  in  the  stream  valleys  of 
the  northern  part  of  the  quadrangle,  steep  collu- 
vium-covered slopes  in  the  dissected  plateaus,  the 
folded  and  fractured  rocks  at  the  Allegheny  Front, 

'Deceased. 


and  accumulations  of  colluvium  and  glacial  depos- 
its on  bedrock  dip  slopes  in  the  Appalachian  Moun- 
tains. The  moderate-susceptibility  zone  is  made 
up  of  moderately  steep  colluvial  slopes  in  the  Pla- 
teau, areas  of  thick  till  and  other  glacial  sediments, 
ancient  debris-flow  deposits,  and  unreclaimed  strip- 
mine  areas.  The  remaining  area  of  uplands  in  the 
Plateau  and  the  generally  low-relief  areas  of  gla- 
ciated plateaus  and  carbonate  valleys  are  consid- 
ered to  have  generally  low  susceptibility  to  land- 
sliding,  although  local  conditions  may  lead  to  slope 
instability  almost  anywhere. 

The  overall  density  of  landslide  occurrence  in 
the  Williamsport  area  is  low,  certainly  when  com- 
pared to  very  high  susceptibility  areas  such  as  the 
greater  Pittsburgh  area.  Locally  severe  landslide 
conditions  and  the  wide  variety  of  types  of  land- 
slide problems  demonstrate  the  need  for  aware- 
ness of  the  hazard. 


INTRODUCTION 

The  subject  of  this  publication  is  landslide  suscep- 
tibility in  the  Williamsport,  Pa.  1-  by  2-degree  quad- 
rangle (Figure  1).  The  study  area  comprises  one  hun- 
dred twenty-eight  7.5-minute  quadrangles,  an  area  of 
approximately  7,150  square  miles,  in  the  north-central 
part  of  the  state  adjacent  to  New  York  State.  Included 
are  all  of  Tioga,  Lycoming,  Bradford,  and  Sullivan 
Counties  and  portions  of  Potter,  Cameron,  Clinton, 
Centre,  Union,  Northumberland,  Montour,  Columbia, 
Luzerne,  Wyoming,  and  Susquehanna  Counties.  The 
map  area  extends  from  41  to  42  degrees  north  lati- 
tude and  from  76  to  78  degrees  west  longitude. 

This  investigation  of  regional  landslide  suscepti- 
bility is  a continuation  of  work  done  by  the  U.S.  Geo- 
logical Survey  (USGS)  covering  a large  portion  of  the 
Appalachian  Plateau  in  the  eastern  United  States. 
Slope-stability  studies  were  undertaken  by  the  USGS 
from  Alabama  to  western  Pennsylvania  between  1976 
and  1984.  Publications  resulting  from  these  studies 
and  other  work  relevant  to  landslides  in  Pennsylvania 
include  Briggs  and  Kohl  (1975),  Briggs  and  others 
(1975),  Davies  and  others  (1978),  Freedman  (1977), 
Gray  and  others  (1979),  Hackman  and  Thomas  ( 1978), 
Hamel  (1980),  Pomeroy  (1978,  1980,  1981,  1982a, 
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Figure  1.  Location  of  the  Williamsport  1-  by  2- 
degree  quadrangle. 


1982b,  1983,  1986),  and  Pomeroy  and  Davies  (1975, 
1979). 

The  purpose  of  the  present  investigation  was  to 
map  and  describe  those  areas  in  which  the  potential  for 
landslide  occurrence  should  be  considered  for  any  con- 
struction or  development,  to  describe  in  detail  the  types 
of  landslides  characteristic  of  the  area,  and  to  provide 
a partial  inventory  of  known  landslide  occurrences. 

This  report  is  directed  to  those  who  are  respon- 
sible for  land  use  decisions  and  is  concerned  primarily 
with  one  of  the  geologic  factors  relating  to  land  use 
planning.  Other  factors,  in  addition  to  landslide  sus- 
ceptibility, are  rock  and  soil  types,  availability  of  eco- 
nomic mineral  deposits,  and  potentials  for  flooding  and 
ground  subsidence. 

There  are  many  sources  of  information  about  vari- 
ous aspects  of  landslides.  Some  of  them  are  Alger  and 
Brabb  (1985),  Fleming  and  Taylor  (1980),  Radbruch- 
Hall  and  others  (1982),  Shaipe  (1938),  Terzaghi  (1950), 
Turner  and  Shuster  (1996),  and  U.S.  Geological  Sur- 
vey (1982). 

DEFINITION  OF  LANDSLIDES 

Landslides,  earlier  defined  (Eckel,  1958)  as  the 
downward  and  outward  movement  of  slope-forming 
materials— natural  rock,  soils,  artificial  fills,  or  com- 
binations of  these  materials,  are  more  specificially 
designated  today  as  the  group  of  slope  movements 
wherein  shear  failure  occurs  along  a specific  surface  or 
combination  of  surfaces  (Schuster  and  Krizek,  1978). 

CLASSIFICATION 

In  this  report,  the  classification  used  is  that  estab- 
lished by  Vames  (1978),  which  is  based  on  both  an  ex- 
tension of  the  work  of  earlier  investigators  and  new 
work  on  a broad  spectrum  of  landslide  analyses.  Under 
this  system,  all  slope  movements  are  categorized  by 
movement  type,  such  as  fells,  topples,  slides,  and  flows. 
These  types  of  movement  are  subdivided  according  to 


material  type  and  named  as  shown  in  Table  1 . In  the 
Williamsport  map  area,  the  most  common  types  of 
slope  movement  are  earth  and  debris  slumps,  debris 
slides,  debris  flows,  rockfalls,  rockslides,  and  com- 
binations of  these  types.  Debris  avalanches,  a special 
case  of  rapid  debris  slides,  also  appear  to  be  com- 
mon, as  indicated  by  hillside  scars  and  bruised  trees, 
but  none  were  observed  in  action  to  verify  that  there 
was  extremely  rapid  movement  of  material. 

Varnes  abandoned  the  term  “landslide”  as  im- 
precise when  used  as  a general  term,  and  substituted 
“slope  movement”  to  include  instances  that  do  not 
involve  true  sliding.  The  general  term  “landslide”  is 
well  established  in  popular  and  technical  usage,  how- 
ever, and  its  informal  usage  by  many  earlier  workers 
(Coates,  1977)  will  be  continued  in  this  report. 

METHOD  OF  STUDY 

An  inventory  of  landslides  in  selected  parts  of 
the  map  area  was  conducted  by  the  authors,  who  used 
field  investigation,  aerial-photographic  analysis,  field 
work  of  other  geologists  from  the  Pennsylvania  Bureau 
of  Topographic  and  Geologic  Survey  doing  geologic 
mapping  and  groundwater  studies  in  the  area,  the  ex- 
perience record  of  the  Pennsylvania  Department  of 
Transportation  (PennDOT)  and  Department  of  Envi- 
ronmental Protection  (formerly  Department  of  Envi- 
ronmental Resources)  and  of  local  offices  of  the  U.S. 
Department  of  Agriculture  Soil  Conservation  Service, 
inquiries  to  township  and  municipal  officials,  and  the 
cooperation  of  geoscience  department  staff  members 
at  Bloomsburg  and  Mansfield  Universities. 

The  landslide  inventory  based  on  aerial  photo- 
graphs included  a detailed  examination  of  black-and- 
white  stereo  pairs  (at  a scale  of  approximately  1 ;20,()(X)), 
most  of  which  were  taken  in  1965,  1967,  and  1969, 
and  some  of  which  were  taken  in  1971 , 1973,  and  1978. 
These  photographs,  which  were  used  to  prepare  the 
7.5-minute  topographic  quadrangle  map  series  and 
their  photorevisions,  gave  better  ground  detail  for  land- 
slide interpretation  than  did  higher  altitude  black-and- 
white  or  color  infrared  photographs.  The  aerial-photo- 
graphic  inventory  covered  approximately  63  percent 
of  the  study  area  (81  of  the  7.5-minute  quadrangles). 
The  areas  covered  by  the  inventory  are  representative 
of  the  whole  Williamsport  quadrangle  and  include  por- 
tions of  all  of  the  geologic  and  physiographic  divisions 
in  the  area.  The  aerial-photographic  interpretation  was 
combined  with  field  investigations  to  verify  types  of 
identified  landslide  occurrences.  Field  investigations 
were  done  from  spring  1982  through  fall  1983,  and  the 
aerial-photographic  inventory  continued  through  early 
summer  1984. 

Field  work  also  included  detailed  descriptions, 
measurements,  and  analyses  of  1 3 representative  land- 
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Table  1.  Classification  of  Appalachian  Slope  Movements 

(Modified  from  Varnes,  1978) 


Material  type 

Engineering  soil 


Predominantly  coarse; 
can  include  fragments 


Movement  type 

Bedrock 

up  to  boulder  size 

Predominantly  fine 

Fall 

Rockfall 

Debris  fall 

Earth  fall 

Topple 

Rock  topple 

Debris  topple 

Earth  topple 

Slide 

Translational 

Rock  block  slide 
Rockslide 

Debris  slide' 

Earth  block  slide 

Rotational 

Rock  slump 

Debris  slump 

Earth  slump 

Flow 

Debris  flow' 

Earthflow 

Mudflow 

Creep 

Rock  creep 

Debris  creep 

Earth  creep 

Composite 

Combinations  of  the  above 

'Can  include  debris  avalanche,  which  is  an  extremely  rapid  ( 10  feet  per  second  or  more)  movement  of  debris. 


slides  from  selected  areas.  These  data  are  given  in  the 
section  “Landslide  Types  and  Occurrence.” 

Because  glacial-lake  sediments  (lake  clays)  are  in- 
terpreted to  be  at  the  roots  of  many  slides  north  of  the 
glacial  border,  two  large  undismrbed  samples,  approxi- 
mately 1 cubic  foot  each,  were  taken  from  deposits  in  the 
field  area  and  sent  to  the  USGS  laboratory  in  Denver, 
Co.,  for  engineering  tests.  The  results  of  this  testing  are 
contained  in  unpublished  files  at  the  Pennsylvania  Bu- 
reau of  Topographic  and  Geologic  Survey  in  Harrisburg. 

The  inventory  shows  more  than  1,300  landslides 
of  various  historic  and  prehistoric  ages  in  an  area  of 
somewhat  more  than  7,100  square  miles.  This  is  a rela- 
tively small  number  of  occurrences  when  compared  to 
areas  in  southwestern  Pennsylvania  where  landslides 
have  been  mapped.  For  example,  2,(X)0  landslides  were 
identified  in  Allegheny  County  (see  Figure  2 for  county 
locations),  an  area  of  728  square  miles,  by  Pomeroy  and 
Davies  ( 1975),  and  more  than  10,000  were  identified 
(Pomeroy,  1978)  in  Washington  County  (see  Figure  2), 
an  area  of  857  square  miles.  However,  a significant  num- 
ber of  unstable  slopes  occur  within  the  Williamsport 
map  area,  in  sufficient  quantity  to  warrant  careful  at- 
tention when  land  use  decisions  are  being  made. 

Considering  the  relationships  of  all  landslide  oc- 
currences to  their  respective  geologic  and  topographic 
conditions  allows  us  to  establish  a set  of  criteria  to 
use  in  judging  under  which  circumstances  landsliding 
may  occur  and  to  rank  these  so  that  risk  zones  can  be 
mapped.  These  zones  are  shown  on  a 1 :250, 000-scale 
base  map  (Plate  1 ) that  includes  the  locations  of  iden- 
tified landslide  occurrences.  This  map  information 


concerning  the  potential  for  slope  movement  allows  a 
planner  or  engineer  to  identify  areas  where  detailed 
analysis  of  the  site  for  slope  stability  should  be  in- 
cluded in  development  plans. 

For  each  identified  slide,  data  on  landslide  type, 
age,  size,  slope  steepness  and  azimuth,  and  bedrock 
and  surficial  geology  were  compiled.  These  data  are 
tabulated  and  included  with  reduced  copies  of  the 
7.5-minute  quadrangle  maps  showing  slide  locations 
in  the  appendix.  The  analysis  of  the  inventory  data  is 
discussed  in  the  sections  “Landslide  Types  and  Oc- 
currence” and  “Factors  That  Affect  Landsliding.” 
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GEOLOGIC  SETTING 

PHYSIOGRAPHY 

A physiographic  province  is  a region  of  consistent 
geologic  structure  in  which  the  surface  pattern  of  land- 
forms  developed  on  the  structure  differs  significantly 
from  that  of  adjacent  areas.  Portions  of  seven  physio- 
graphic provinces  occur  in  Pennsylvania  (Fenneman, 
1938),  and  two  of  these  are  represented  in  the  Wil- 
liamsport map  area— the  Ridge  and  Valley  province 
and  the  Appalachian  Plateaus  province.  Each  province 
is  subdivided  into  sections  (Figure  2).  This  report  in- 
volves the  Deep  Valleys  Section,  the  Glaciated  High 
Plateau  section,  and  the  Glaciated  Low  Plateau  sec- 
tion of  the  Appalachian  Plateaus  province  and  the  Ap- 
palachian Mountain  section  of  the  Ridge  and  Valley 
province.  A small  portion  of  the  Allegheny  Plateau 
section  of  the  Appalachian  Plateaus  province  is  in  the 
southwestern  comer  of  the  map  area. 

Differences  in  topography  and  geologic  struc- 
ture from  one  physiographic  section  to  another  play 
a significant  part  in  landslide  susceptibility  and  dis- 
tribution and,  therefore,  are  important  to  the  desig- 
nation of  susceptibility  zones.  The  general  character- 
istics of  each  major  physiographic  division  for  this 
report  area  are  shown  in  Table  2. 

Appalachian  Plateaus  Province 

In  the  Deep  Valleys  section,  elevations  within  the 
Williamsport  map  area  range  from  560  feet  at  Torbert 
on  the  Jersey  Shore  7.5-minute  quadrangle  (see  Fig- 
ure 19)  to  2,570  feet  near  Cobb  Hill  on  the  Sweden 
Valley  7.5-minute  quadrangle  (see  Figure  19).  This 
section  has  2,010  feet  of  topographic  relief  and  is  char- 


acterized by  broad-topped  ridges,  steep  valley  walls, 
and  narrow  stream  valleys,  resulting  from  a deeply  in- 
cised angulate  and  rectangular  drainage  pattern.  Local 
relief  exceeds  1,000  feet  along  many  of  the  streams. 
Steep  slopes  (Figure  3)  are  typically  75  percent  or 
greater,  showing  as  very  closely  spaced  contours  on 
maps  having  a 20- foot  contour  interval.  Distal  tributary 
streams  have  steep  gradients  and  relatively  straight 
courses,  whereas  intermediate  and  large  streams  such 
as  Kettle  Creek,  the  West  Branch  of  the  Susquehanna, 
and  the  lower  reaches  of  Pine  Creek  have  more  mean- 
dering courses.  Erosion  along  these  meanders  can  be 
a significant  triggering  mechanism  for  landslides. 

Of  necessity,  highway  and  railroad  systems  in 
this  physiographic  section  generally  follow  the  main 
stream  system,  crowded  along  narrow  valley  floors  and 
valley  sides.  As  a result,  maintenance  costs  related  to 
debris  slides  and  rockfalls  are  high,  and  a number  of 
narrow  areas,  exemplified  by  stretches  of  Pa.  Route  44 
along  Pine  Creek,  require  constant  vigilance. 

The  Glaciated  High  Plateau  section  lies  to  the 
north  and  east  of  the  Deep  Valleys  section  (Figure  2). 
Elevations  within  this  section  in  the  Williamsport  map 
area  range  from  720  feet  along  Bowman  Creek  in  Wyo- 
ming County  (Noxen  quadrangle)  to  2,560  feet  near 
Cobb  Hill  in  Potter  County.  The  landscape  has  been 
modified  by  continental  glaciation,  and  slopes  are  typi- 
cally less  steep  than  in  the  Deep  Valleys  section.  This 
area  includes  the  drainage  divide  between  streams  of 
the  Deep  Valleys  section,  which  flow  north  and  west 
to  the  Allegheny  River  and  south  to  the  West  Branch 
Susquehanna  River,  and  the  north-,  east-,  and  south- 
east-flowing  streams  of  the  adjoining  Glaciated  Low 
Plateau  section,  which  flow  to  the  North  Branch  Sus- 
quehanna River.  Local  relief  is  typically  500  to  900 
feet.  Some  valley  bottoms  are  flat  and  moderately  wide, 
and  many  contain  sediments  that  were  deposited  in 
glacial  lakes.  These  deposits  and  colluvium  on  the 
lower  slopes  are  involved  in  many  slope  failures  in  this 
section. 

The  Glaciated  Low  Plateau  section  covers  the 
northeastern  portion  of  the  map  area  (Figure  2).  Ele- 
vations within  the  map  area  range  from  600  feet  on 
the  Susquehanna  River  at  Vosburg  (Meshoppen  7.5- 
minute  quadrangle)  (see  Figure  19)  to  2,200  feet  on 
Mehoopany  Mountain  on  the  same  quadrangle.  The 
1 ,600  feet  of  relief  in  this  section  is  characterized  by 
a more  gentle  topographic  expression  than  in  the  sec- 
tions to  the  west.  Streams  are  not  as  deeply  incised 
and  valley  walls  are  less  steep  than  in  the  Deep  Valleys 
and  Glaciated  High  Plateau  sections.  In  spite  of  the 
more  subdued  topography,  there  are  numerous  slope 
failures,  which  occur  primarily  in  unconsolidated  de- 
posits of  clay,  sand,  and  gravel  of  glacial  origin. 

A dendritic  stream  network  carries  most  of  the 
runoff  into  the  North  Branch  Susquehanna  River.  Fig- 
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Table  2.  Characteristics  of  Major  Physiographic  Sections  in  the  Williamsport  1-  by  2-Degree  Map  Area 

(After  Seven,  1996) 


Appalachian  Plateaus  province 

Deep  Valleys  section 

A deeply  dissected  plateau  having  structure  characterized  by  open  folds  in  gently  dipping 
bedrock.  Hilltops  are  broad  to  narrow,  capped  by  resistant  sandstone  and  conglomerate,  and 
have  adjacent  deep,  steep-sided,  narrow  valleys. 

Glaciated  High  Plateau  section 

Upland  having  broad  to  narrow,  rounded  to  flat,  elongate  hilltops  and  deep  to  shallow  valleys. 
Bedrock  structure  consists  of  moderate-amplitude  open  folds.  Hilltops  are  capped  by  resistant 
sandstone  and  conglomerate.  Local  relief*  is  less  than  that  in  the  Deep  Valleys  section.  Valleys 
commonly  contain  glacial  and  glaciolacustrine  deposits  and  many  have  flat  floors. 

Glaciated  Low  Plateau  section 

Area  having  rounded  hills  and  shallow  stream  valleys  and  moderate  to  low  local  relief*.  Some 
buried  valleys  have  wide,  flat  floors.  Bedrock  is  very  gently  folded  sandstone,  siltstone,  and 
shale.  Topographic  relief  is  subdued  by  the  effects  of  continental  glaciation. 

Allegheny  Plateau  section 

Rounded  to  flat  uplands  having  shallow  to  moderately  deep,  angular  to  rounded  valleys.  Local 
relief*  is  moderate  to  high.  Bedrock  is  nearly  flat-lying  sandstone,  siltstone,  shale,  conglom- 
erate, and  some  coal. 

Ridge  and  Valley  province 

Appalachian  Mountain  section 

Sinuous,  narrow  ridges  and  valleys  having  tightly  folded  and  faulted  sequences  of  sandstone, 
conglomerate,  quartzite,  shale,  and  limestone.  Resistant  quartzite  and  conglomerate  underlie 
the  ridges,  and  less  resistant  sandstone,  shale,  and  limestone  make  up  the  valleys.  Structural 
deformation  along  the  high  escarpment  of  the  Allegheny  Front  is  more  intense  than  elsewhere 
in  the  section. 

'Local  relief:  0 to  100  feet,  very  low;  101  to  300  feet,  low;  301  to  600  feet,  moderate;  601  to  1,000  feet,  high;  >1,000  feet,  very  high. 
(Relief  categories  listed  here  for  Pennsylvania  do  not  necessarily  apply  to  other  states  or  countries.) 


Figure  3.  Kettle  Creek  valley  is 
typical  of  the  steep-sided  stream 
valleys  in  the  Deep  Valleys  sec- 
tion of  the  Appalachian  Plateaus 
province. 


ure  4 is  a scene  typical  of  the  Glaciated  Low  Plateau 
section  showing  a meander  of  North  Elk  Run  near 
Mansfield  in  an  open,  unforested  landscape.  Although 
the  transportation  network  is  not  as  restricted  as  it  is 
in  the  Allegheny  Mountains,  roads  and  railroads  are 
commonly  in  close  proximity  to  streams.  This  com- 
bination of  transportation  routes  and  stream  erosion 
in  conjunction  with  glacial  deposits  commonly  leads 
to  debris  slides  and  slumps.  In  ad- 
dition, rockfalls  are  common  in  cuts 
along  the  deeper  valleys  of  the  North 
Branch  Susquehanna  River  and  its 
tributaries. 

A small  part  of  the  Williams- 
port map  area  (in  the  southwest 
corner)  is  in  the  Allegheny  Plateau 
section  of  the  Appalachian  Plateaus 
province.  Elevations  here  range 
from  approximately  900  feet  along 


Beech  Creek  in  the  Snow  Shoe  SE  quadrangle  (Fig- 
ure 19)  to  2,320  feet  in  Beech  Creek  Township  on  the 
Snow  Shoe  NE  quadrangle.  Local  relief  is  low  to 
moderate,  and  the  landscape  consists  of  rounded  to 
flat  uplands  and  shallow  to  moderately  deep  valleys 
developed  on  nearly  flat-lying  bedrock.  Much  of  the 
upland  area  has  been  strip-mined  for  coal,  and  slope 
failures  occur  in  the  disturbed  areas. 
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Figure  4.  North  Elk  Run 
(Mansfield  7.5-minute  quad- 
rangle) flows  through  a 
terrain  representative  of  the 
Glaciated  Low  Plateau  sec- 
tion. Stream  action  has  trig- 
gered landslides  in  the  un- 
consolidated glacial  clay, 
sand,  and  gravel  along  the 
valley  sides.  In  the  back- 
ground, the  stream  flows 
on  flat-lying  shale  and  silt- 
stone  bedrock. 


Ridge  and  Valley  Province 

The  Appalachian  Mountain  section  of  the  Ridge 
and  Valley  province  is  markedly  different  from  the  Ap- 
palachian Plateaus  province.  In  most  places,  the  Alle- 
gheny Front  stands  as  an  escarpment  of  demarcation 
between  the  two  provinces.  The  distinction  between 
the  provinces  is  based  primarily  on  geologic  structure 
in  that  bedrock  units  south  of  the  Front  are  strongly 
folded  and  faulted,  in  contrast  to  gently  folded  to  flat- 
lying  and  less  faulted  strata  to  the  north. 

The  Appalachian  Mountain  section  occurs  across 
the  southern  portion  of  the  report  area.  Elevations 
range  from  440  feet  on  the  West  Branch  Susquehanna 
River  southeast  of  Milton  (Milton  7.5-minute  quad- 
rangle) (see  Figure  19)  to  2,170  feet  on  White  Deer 
Ridge  north  of  Carroll  (Carroll  7.5-minute  quadran- 
gle) (see  Figure  19),  making  the  topographic  relief 
1,730  feet.  The  Appalachian  Mountain  section  can 
be  subdivided  based  on  variations  in  underlying  geo- 
logic structure,  which  influence  the  occurrence  and 
types  of  landslides.  The  largest  subdivision  is  char- 
acterized by  linear  ridges  and  parallel,  narrow  valleys 
in  the  southwestern  part  of  the  section.  These  ridges 
and  valleys  give  way  to  more  open  valleys  and  lower, 
more  widely  separate  hills  in  the  eastern  part  of  the 
section.  The  open,  rolling  hill  terrain  is  puncmated  in 
the  extreme  eastern  part  of  the  section  by  two  closely 
opposed,  narrow  hairpin  ridges  forming  the  southwest 
portion  of  the  Northern  Anthracite  region. 

Figure  5 shows  a landscape  typical  of  the  struc- 
turally folded,  linear  ridges  and  valleys  of  the  Appa- 
lachian Mountain  section.  Generally  forested  ridges 


separate  cultivated  valleys.  Landslides  occur  mostly 
on  lower  slopes  in  colluvium  and  along  stream  banks. 
Large,  unvegetated  boulder  fields  (Figure  5)  occur 
locally  on  the  mountainsides.  Although  their  outlines 
are  suggestive  of  debris  slides,  they  are  stable  slopes 
if  left  undisturbed,  due  to  a composition  of  interlock- 
ing, angular  boulder  fragments  that  have  weathered 
from  the  ridge  above  and  accumulated  as  boulder  fields 
containing  very  little  fine-grained  interstitial  rock  ma- 
terial and  soil  (Figure  6).  The  boulder  fields  are  free 
draining  and  have  little  opportunity  for  a buildup  of 
pore  pressure.  These  striking  hillside  features  are  be- 
lieved to  have  developed  in  a periglacial  climate  near 
the  edge  of  a continental  ice  sheet.  The  lower  slopes 
of  some  ridges  are  mantled  with  thick  clay-rich  col- 
luvium that  is  prone  to  sliding  if  disturbed. 

Eastward  from  Montoursville  and  Muncy,  struc- 
tural deformation  of  bedrock  is  less  evident,  produc- 
ing a landscape  of  lower  topographic  relief  domi- 
nated by  rolling  hills  where  farming  is  a major  land 
use.  Slope  instability  in  this  subdivision  of  the  Ap- 
palachian Mountain  section  is  less  of  a problem  than 
elsewhere  in  the  report  area. 

The  third  subdivision,  the  southwest  extension 
of  the  Northern  Anthracite  region,  extends  from  Nan- 
ticoke  to  Knob  Mountain  northwest  of  Berwick.  Here, 
highway  and  railroad  transportation  routes  are  crowd- 
ed along  a narrow  river  valley  (Figure  7)  below  steep 
slopes.  Although  this  subdivision  is  a small  part  of  the 
project  area,  it  is  important  with  respect  to  landslide 
susceptibility.  The  major  river  cutting  through  a large 
bedrock  fold  and  the  later  deposition  of  thick,  uncon- 
solidated glacial  deposits  produced  a number  of  poten- 
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Figure  5.  The  north  slope  of  Bold  Eagle  Mountain  and  the  valley  of  the  West  Branch  Susquehanna  River 
exemplify  the  Appalachian  Mountain  section  of  the  Ridge  and  Valley  province.  The  unforested 
boulder  field  in  the  background  is  suggestive  of  a debris  slide,  but  boulder  fields  such  as  this 
are  presently  stable. 


tially  unstable  sites.  The  bedrock  units  in  the  mountain 
ridges  dip  toward  the  river  valley  along  much  of  its 
course,  which  further  increases  the  landslide  potential. 

GEOLOGY 

Bedrock 

Twenty-eight  geologic  formations  make  up  the 
bedrock  units  that  underlie  the  Williamsport  1-  by  2- 
degree  map  area.  Each  of  these  formations  is  described 
in  Table  3.  The  reader  is  referred  to  the  Geologic  Map 
of  Pennsylvania  (Berg  and  others,  1980)  for  the  loca- 
tion of  formation  boundaries  at  a scale  of  1 :250,000, 
and  to  Engineering  Characteristics  of  the  Rocks  of  Penn- 
sylvania (Geyer  and  Wilshusen,  1982)  for  information 
on  the  characteristics  of  the  rocks. 

Bedrock  geology  is  significant  to  the  determina- 
tion of  landslide  susceptibility  in  a number  of  ways. 
First,  the  position  and  characteristics  of  topographic 
features  are  related  to  rock  type  and  geologic  structure. 


Figure  6.  Coarse  boulder  colluvium  forming  a 
boulder  field  on  a 42-degree  (90-percent)  slope 
in  the  Appalachian  Mountain  section  of  the  Ridge 
and  Valley  province.  Interlocking  angular  boulders, 
having  no  appreciable  amount  of  fine  rock  frag- 
ments or  fine-grained  soil,  form  a freely  draining 
slope  that  is  stable  if  left  undisturbed. 


Second,  the  different  types  of  soil  cover  are  dependent 
upon  weathering  characteristics  of  local  bedrock  units. 
Therefore,  the  geologic  formations  and  their  charac- 
teristics and  products  of  weathering  are  important  com- 
ponents in  the  designation  of  mappable  factors  of 
landslide  susceptibility.  These  characteristics  are  out- 
lined in  Table  3 and  discussed  for  each  landslide  type 
in  the  section  on  “Factors  That  Affect  Landsliding.” 

The  lithology  of  the  formations,  all  of  which  are 
sedimentary  rock,  includes  sandstone,  conglomerate. 


GEOLOGIC  SETTING 
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Figure  7.  Shickshinny  Mountain 
and  the  Susquehanna  River  are 
representative  of  the  terrain  in 
the  southwestern  portion  of  the 
Northern  Anthracite  region.  The 
steep  slope  bordering  a major 
stream  valley  and  the  glacial  de- 
posits on  the  lower  slopes  are  a 
setting  for  potential  landslides. 
Landslide  occurrences  are  often 
related  to  highway  and  railroad 
construction  in  constricted  areas. 


shale,  siltstone,  mudstone,  and  limestone,  and  sand- 
stone underlies  the  most  extensive  areas.  Sandstone 
units  have  a variety  of  mineral  compositions,  textures, 
grain  sizes,  origins,  and  depositional  features.  No  ig- 
neous or  metamorphic  rocks  crop  out  in  the  area.  The 
geologically  older  formations  of  the  thick  sequence 
(up  to  25,000  feet)  of  sedimentary  rock  occur  along 
the  southern  part  of  the  map  area,  and  progressively 
younger  formations  exist  over  the  largest  portion  of 
the  area,  north  and  west  of  Lock  Haven  and  Williams- 
port. Depositional  history  and  stratigraphic  relation- 
ships of  these  formations  are  discussed  in  a number 
of  other  publications  (for  example,  Faill  and  others, 
1977a;  Inners,  1981;  and  Sevon  and  Woodrow,  1981) 
but  are  not  related  directly  to  landslide  susceptibility. 

Structural  deformation  of  the  rock  formations  in 
the  map  area  has  resulted  in  folded  and  faulted  bed- 
rock units  broken  by  a system  of  joints  and  other  frac- 
tures. Fractures  are  open  and  readily  delineated  near 
the  surface  and  become  progressively  tighter  with  in- 
creasing depth.  Orientation  and  spacing  of  the  frac- 
tures vary  throughout  the  area  depending  upon  rock 
type  and  structure.  Bedrock  weathering  begins  with 
rock  fragments  breaking  away  from  the  parent  mate- 
rial along  bedding  plane  fractures  and  joint  systems 
that  are  at  angles  to  the  bedding  plane.  Dislodged  rock 
fragments  then  break  down  further,  providing  raw  ma- 
terial for  the  production  of  finer  grained  soil.  Rock 
alone,  a combination  of  soil  and  rock,  or  soil  alone  can 
be  susceptible  to  landsliding  on  unstable  slopes. 

Detailed  geologic  maps  are  available  for  some 
portions  of  the  Williamsport  map  area.  These  include 
Colton  (1963,  1967,  1968),  Colton  and  Luft  (1965), 
Faill  (1979),  Faill  and  others  (1977a,  1977b),  Inners 
(1978,  1981,  1997),  Taylor  (1977),  Way  (1993),  and 
Wells  and  Bucek  (1980). 


Surficial  Material 

The  term  “soil”  is  used  in  its  engineering  sense  in 
this  report.  It  includes  all  weathered  rock,  rock  frag- 
ments, gravel,  sand,  silt,  clay,  and  organic  material 
overlying  sound  bedrock.  Many  soils  in  the  area  are 
products  of  weathering  from  underlying  bedrock  and 
have  been  transported  for  only  short  distances,  if  at 
all.  Others  are  mobile  alluvial  soils  developed  along 
stream  channels  or  soils  that  have  been  generated  and 
transported  by  glacial  activity.  Three  classes  of  soil  are 
present:  residual  and  colluvial,  alluvial  (transported 
by  streams),  and  glacial. 

Approximately  half  of  the  smdy  area  was  glaci- 
ated during  the  Wisconsinan  glacial  advances,  resulting 
in  the  dominance  of  glacial  soils  below  higher  ele- 
vations in  the  northern  and  eastern  portion  of  the  map 
area  (Figure  8).  The  glacial  soils  are  the  most  suscep- 
tible of  the  three  soil  classes  to  landsliding  on  relatively 
gentle  slopes.  Residual  and  colluvial  soils  are  dominant 
in  the  southwest  portion  of  the  map  area,  particularly 
as  deposits  of  colluvium  on  hillsides,  and  are  suscepti- 
ble to  landsliding  during  periods  of  heavy  precipitation. 
Alluvial  soils  occupy  stream-valley  floors  across  the 
entire  area  and  are  least  susceptible  to  landslides  except 
for  some  stream-bank  failures.  Contacts  between  the 
three  groups  of  surficial  deposits  are  gradational,  so 
that  glacial  soils  blend  into  residual  and  colluvial  soils 
and  alluvial  soils  grade  from  both  of  the  other  classes. 

Glacial  soils  are  characterized  by  sand,  silt,  clay, 
and  rounded  to  subangular  cobbles  and  boulders.  In 
till  deposits,  these  components  are  thoroughly  mixed, 
and  in  other  types  of  deposits,  they  are  segregated, 
and  sand,  clay,  or  cobbles  are  locally  dominant.  Where 
clay  is  dominant,  as  in  scattered,  ancient  glacial-lake 
deposits,  the  susceptibility  to  landsliding  is  high. 


Table  3.  Bedrock  Characteristics  in  the  Williamsport  Map  Area 
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Figure  8.  Major  streams,  selected  towns,  and  distribution  of  glacial  deposits  in  the  Williamsport  1 - by  2- 
degree  area.  The  patterned  area  in  the  northeast  section  of  the  map  is  25-  to  50-percent  cov- 
ered with  moderately  thick  glacial  deposits.  Some  of  these  deposits  are  naturally  susceptible  to 
landsliding,  and  others  are  susceptible  where  the  slopes  are  modified  by  construction  activity. 


Residual  soils,  which  are  formed  from  weather- 
ing of  the  rocks  directly  below  them,  are  the  most  vari- 
able.Their  nature  generally  closely  reflects  that  of  the 
underlying  bedrock.  Colluvial  soils  have  been  trans- 
ported some  distance  downhill  by  soil  creep,  slope 
wash,  or  similar  processes  and  accumulate  near  the 
base  of  a slope.  On  mountain  slopes  and  ridge  crests, 
residual  and  colluvial  soils  are  generally  coarse  and 
stony,  containing  a high  percentage  of  large  rock  frag- 
ments. Colluvial  soils  on  mountain  slopes  are  slide 
prone  in  many  places.  In  open  valleys,  residual  soils 
are  typically  finer  grained  and  have  varying  propor- 
tions of  smaller  rock  fragments.  Because  they  have 
similar  characteristics  related  to  landsliding  and  can 
be  difficult  to  differentiate,  colluvial  and  residual  soils 
are  combined  into  one  category  for  the  purposes  of 
this  report. 

Alluvial  soils  are  also  variable,  depending  upon 
the  nature  of  bedrock  and  glacial  deposits  over  which 
streams  flow.  Alluvial  soils  are  generally  comprised 


of  sand,  silt,  and  gravel  and  have  angular  to  rounded 
cobbles  and  boulders. 

In  the  classification  of  slope  movement  (Table  1 ), 
the  three  classes  of  soil  described  are  placed  into  two 
categories.  If  a soil  is  predominantly  composed  of  coarse 
material,  it  is  debris;  if  it  is  predominantly  composed 
of  fine  material,  it  is  earth.  A mudflow  is  wet  enough 
to  flow  rapidly  and  is  mainly  fine  material. 

LANDSLIDE  TYPES  AND 
OCCURRENCE 

DESCRIPTION  OF  TYPES 

Seven  types  of  landslide  movement  have  been 
observed  in  the  Williamsport  map  area.  These  types 
are  as  follows: 

( 1 ) Debris  avalanche 

(2)  Debris  slide 
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(3)  Debris  flow 

(4)  Rockfall  and  rockslide 

(5)  Slump 

(6)  Slump  combined  with  debris  flow  or  earth- 
flow 

(7)  Composite  landslide 

The  name  and  description  of  each  type  are  based 
on  an  established  classification  (Vames,  1978)  (see 
Table  1).  The  principal  criteria  for  identification  are: 
( 1 ) the  mechanism  of  landslide  movement;  and  (2)  the 
nature  of  material  that  has  moved.  Most  landslide 
movement  can  be  classified  as  translational  sliding, 
rotational  sliding,  or  flow.  Both  types  of  sliding  in- 
volve relatively  undisturbed  material  moving  over  a 
surface  or  zone  of  shear  displacement.  Translational 
landslides  move  on  a planar  or  gently  undulating  sur- 
face, whereas  rotational  landslides  move  on  a concave- 
upward,  curved  surface  of  rupture.  These  categories 
are  illustrated  in  Figure  9.  Flow  movement  involves 
considerable  internal  distortion  of  the  moving  mate- 
rial, and  can  be  thought  of  as  similar  to  the  move- 
ment of  a viscous  fluid.  Falls  involve  detached  mate- 
rial falling  free,  and  topples  involve  rotation  of  the 
top  of  a block  outward  from  the  slope  before  it  falls 
or  slides.  As  in  most  artificial  classification  systems, 
these  categories  commonly  grade  into  each  other  and 
can  also  occur  in  combination. 


The  nature  of  the  material  is  also  important  in 
the  identification  of  landslides.  Vames  (1978,  p.  24) 
used  the  following  classification  for  landslide  materi- 
als. Bedrock  is  hard  or  firm  rock  that  was  intact  and 
in  its  natural  place  before  the  initiation  of  movement. 
Engineering  soil  (differentiated  from  agricultural  soil) 
includes  any  loose,  unconsolidated  or  poorly  cemented 
aggregate  of  particles.  It  may  have  been  derived  from 
the  weathering  of  rock  nearby,  or  it  may  have  been 
transported  by  water,  wind,  or  slope  processes  to  its 
present  location.  Engineering  soil  is  classified  accord- 
ing to  its  grain  size.  Debris  is  engineering  soil  con- 
sisting of  20  to  80  percent  fragments  larger  than  sand 
size  (2  mm);  fragments  in  debris  can  be  quite  large. 
Earth  is  engineering  soil  in  which  80  percent  or  more 
of  the  fragments  are  sand  sized  or  smaller. 

Debris  Avalanche 

Debris  avalanche  (Figure  10)  is  the  rapid  down- 
hill movement  of  a combination  of  soil  and  rock  along 
a planar  surface.  The  resulting  scar  is  generally  long 
and  narrow,  leaves  a channel,  or  chute,  on  a hillside, 
and  has  an  accumulation  of  debris  at  the  toe.  Debris 
avalanches  are  the  result  of  rapid  to  extremely  rapid 
movement  at  a rate  greater  than  10  feet  per  second.  Al- 
though none  were  observed  in  motion  to  verify  their 


A 


TRANSLATIONAL  MOVEMENT 
(ROCK  SLIDE) 


Figure  9.  The  distinction  between  trans- 
lational and  rotational  landslide  move- 
ments is  based  on  the  shape  of  the  surface 
of  rupture  along  which  movement  occurs. 
A.  Translational  slides  move  on  a roughly 
planar  surface.  B.  Rotational  slides  move 
on  a concave-upward  surface. 


ROTATIONAL  MOVEMENT 
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rapid  speed,  circumstantial  evidence  exists,  consisting 
of  scarred  trees  and  the  lateral  extent  of  deposited  ma- 
terial at  the  toe  of  the  slope. 

Debris  Slide 

Debris  slide  (Figure  11)  is  the  progressive  down- 
hill movement  of  soil  and  rock  debris,  sometimes  in 
a long  and  narrow  channel,  but  not  confined  to  that 
configuration.  Displacement  is  along  a roughly  pla- 
nar surface  of  rupmre,  as  is  the  case  with  debris  ava- 
lanches, but  not  necessarily  having  the  continuous  high 
rate  of  speed  exhibited  by  the  latter.  Initial  movement, 
through  stress  release,  may  be  rapid,  and  slower,  in- 
termittent movement  may  occur  over  a period  of  time. 
In  a debris  slide,  the  moving  mass  generally  breaks  up 
into  smaller  and  smaller  parts  as  it  moves  downhill. 

Debris  Flow 

Debris  flow  (Figure  12)  is  the  downhill  move- 
ment of  soil  and  rock  fragments  advancing  as  a vis- 
cous fluid.  Slip  surfaces  within  the  moving  mass  are 


Figure  1 1 . An  active  debris  slide  along  Kettle  Creek 
in  the  Deep  Valleys  section  that  requires  the  fre- 
quent removal  of  material  to  maintain  the  road  (out 
of  the  photograph)  at  the  toe. 


Figure  1 0.  A debris  avalanche,  triggered  by  heavy 
rain,  has  left  a long,  narrow  scar  on  a steep  hill- 
side and  an  accumulation  of  rocky  debris  along 
the  stream  at  its  toe.  Regrowth  of  vegetation  on  the 
scar  and  stream  erosion  of  the  deposit  at  the  toe 
will  conceal  evidence  of  this  slide  after  several  years. 
The  site  is  at  the  Stevenson  Dam  on  First  Fork,  just 
outside  the  western  border  of  the  Williamsport  map 
area.  Debris  avalanches  commonly  occur  in  nar- 
row valleys. 

generally  not  apparent  because  the  mass  is  continu- 
ally deformed  during  flow.  Most  debris  flow  involves 
water-saturated  sediment  moving  relatively  fast,  and 
it  may  resemble  wet  concrete.  The  slow  end  of  the 
debris-flow  continuum  is  debris  creep,  which  is  more 
comparable  to  deforming  putty  on  a tilted  surface. 
Debris  flow  is  commonly  a part  of  composite  land- 
slides, the  clay-rich  material  also  serving  as  a lubri- 
cant on  which  overlying  material  moves. 

Rockfall  and  Rockslide 

Rockfall  is  the  free  fall  of  pieces  of  rock  de- 
tached from  a cliff  face  or  near-vertical  slope.  As  de- 
fined by  Vames  (1978,  p.  12),  "...  a mass  of  any 
size  is  detached  from  a steep  slope  or  cliff,  along  a 
surface  on  which  little  or  no  shear  displacement  takes 
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place,  and  descends  mostly  through  the  air  by  free  fall, 
leaping,  bounding  or  rolling.” 

Rockfall  takes  place  in  different  forms  that  are 
dependent  upon  rock  type  and  the  direction  and  spac- 
ing of  rock  fractures,  as  well  as  the  orientation  of  the 
fractures  with  respect  to  the  cliff  face.  Rockfall  from 
a shale  slope,  for  example,  will  yield  small  fragments, 
whereas  a medium-bedded  sandstone  having  widely 
spaced  joints  and  a structural  bedding  dip  toward  the 
rock  face  is  more  likely  to  yield  large  slabs.  Falls  of 
material  other  than  rock  are  rare,  but  they  can  occur. 
A fall  of  material  previously  detached  from  the  main 
rock  mass  is  a debris  fall,  and  earth  fall  is  possible  if 
a steep  face  of  fine-grained  material  fails  and  sections 
fall. 

A rockslide  (Figures  9A  and  13)  is  the  downhill 
movement  of  detached  rock  fragments  along  a planar 
surface.  In  a block  slide,  the  displaced  material  re- 
mains as  a small  number  of  intact  blocks.  If  two  or 
more  planar  surfaces  of  weakness  intersect  along  a 


Figure  13.  Rockslide  occurs  intermittently  along 
the  bedding  planes  and  joint  surfaces  of  siltstone 
and  shale  in  this  wedge  failure  along  U.S.  Route 
15  at  Allenwood.  Detached  rock  fragments  regu- 
larly add  to  the  mass  of  debris  accumulating  at 
the  toe. 


Figure  12.  Debris  flow  in  colluvium  and  residu- 
um on  sandstone  and  shale  of  the  Catskill  For- 
mation in  the  Sinnemahoning  Creek  valley. 


line  that  dips  out  of  the  slope,  a wedge  slide,  move- 
ment of  a wedge  of  material,  may  occur. 


Slump 


Slump  (Figures  14  and  15)  is  rotational  sliding 
in  which  the  surface  of  rupture  is  a concave-upward 
shear  surface  or  zone.  The  axis  of  rotation  is  horizon- 
tal and  generally  parallel  to  the  trend  of  the  slope  on 
which  failure  occurs.  The  head  of  a slump  tilts  back 
into  the  slope  and  the  toe  characteristically  rises,  spill- 
ing out  over  undisturbed  ground  along  a surface  of 
separation  (Figure  15).  The  least  distortion  of  the  slid- 
ing mass  is  at  its  head,  whereas  the  greatest  distortion 
is  at  the  toe.  Individual  slumps  commonly  form  seg- 
ments of  larger  composite  landslides  or  may  exist  by 
themselves  as  small  discrete  slope  failures  along  a 
hillside.  Slump  can  occur  in  rock  or  soil,  but  it  is 
most  common  in  uniform  fine-grained  material.  The 
absence  of  planar  weak  surfaces  such  as  bedding  or 
fracmre  discontinuities  allows  development  of  the 
concave  slip  surface.  Progressive  slump  failure  occurs 
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Figure  14.  A small  slump  block 
that  is  part  of  a larger  compos- 
ite rockslide  and  debris  slide  on 
the  Huntersville  7.5-minute  quad- 
rangle. The  orientation  of  the 
originally  upright  trees  clearly 
shows  the  rotational  movement. 


where  the  main  mass  of  the  slide 
moves  down  so  far  that  the  steep 
scarp  is  unsupported  and  the  upper 
material  slumps  into  the  scar.  This 
process  can  repeat  many  times, 
causing  the  failed  area  to  grow  up- 
ward to  the  limit  of  susceptible 
material. 


Slump  Combined  With 
Debris  Flow  or  Earthflow 

The  landslide  deposit  of  a slump  failure  common- 
ly continues  past  the  toe  of  the  curved  surface  of  rup- 
ture and  moves  farther  downslope  as  an  earthflow  or 
debris  flow.  Figure  16  is  a schematic  cross  section  of 
this  type  of  movement,  showing  a slump  scarp  and  a 
deposit  extending  as  a debris  flow  along  a surface  of 
separation  between  undisturbed  ground  and  the  flow. 
Failure  is  by  rotational  sliding  in  the  upper  part  of  the 
slide,  and  grades  into  flow  below  the  slump.  A slump- 
earthflow  in  glacial  till  is  illustrated  in  Figure  17. 

Composite  Landslide 

A composite  landslide  is  characterized  by  com- 
binations of  some  of  the  six  types  listed  above  in  a 
single  occurrence.  For  example,  slump  or  debris  slid- 


ing may  occur  high  on  a hillside  and  trigger  a debris 
avalanche,  or  debris  slides  and  debris  flows  may  gen- 
erate rockfalls  and  debris  falls  when  a moving  toe  ap- 
proaches the  top  edge  of  a steep  roadcut  or  embank- 
ment. Not  uncommonly,  slumps  will  occur  along  the 
head  scarp  of  a debris  slide  after  initial  movement  of 
the  slide.  A significant  number  of  landslides  in  the 
report  area  are  composite  occurrences,  involving  sev- 
eral different  types  of  movement. 

OCCURRENCE 

Landslides  have  been  occurring  in  north-central 
Pennsylvania  for  a long  time.  Many  old  slides  are  be- 
lieved to  have  been  triggered  in  the  Pleistocene  by 
harsh  climate  conditions  during  the  most  recent  ice 
age  or  by  erosion  by  glacial  ice  or  meltwater  streams. 
Remnant  evidence  of  prehistoric  landslides,  mostly 
in  the  western  part  of  the  map  area,  can  be  seen  by 
stereoscopic  examination  of  aerial  photographs 

and  by  field  examination.  The  age  of  the  older 

slides  that  were  identified,  however,  was  not 
determined.  A complicating  factor  in  age  de- 
termination is  that  landslides  do  not  age  uni- 
formly. Some  slides  appear  to  heal  in  a rela- 

tively  short  time,  as  exemplified  by  the  scar 

left  from  a debris  avalanche,  the  deposit  of 

which  comes  to  rest  in  a stream  bed.  Vegeta- 


Figure  1 5.  The  mechanism  of  slump  fail- 
ure. The  shear  zone  is  concave  upward. 
The  head  of  the  slide  is  tilted  back  toward 
the  slope,  and  the  material  at  the  toe  moves 
out  and  upward. 
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Figure  16.  Schematic  cross  section  of  a combination  of  slump  and  debris  flow. 

tion  and  erosion  soon  hide  the  scar,  leav- 
ing a nick  in  the  ridge  flank,  and  stream 
erosion  carries  away  much  of  the  deposit, 
leaving,  perhaps,  a deflected  bend  in  the 
creek.  On  the  other  hand,  evidence  of  a 
large,  old  composite  landslide  on  a gen- 
tle slope  in  glacial  deposits  appears  to  re- 
main over  a long  period  of  time,  showing 
as  a distinct  area  of  hummocky  topogra- 
phy having  crescent-shaped  scarp  lines 
(Figure  18).  In  this  report,  the  term  “old” 
is  used  for  any  landslide  that  does  not 
show  evidence  of  recent  movement.  The 
age  of  an  “old”  landslide  could  range  from 
tens  to  thousands  of  years.  If  there  are 
indications  of  age  that  allow  more  pre- 
cise dating,  appropriate  terminology  will 
be  used. 

Although  the  age  of  the  oldest  slope 
failures  identified  was  not  established,  it 
is,  nevertheless,  apparent  that  landsliding 


Figure  18.  Old  slump  in  glacial-lake  clay  along  North  Elk  Run  west  of  Mansfield. 


Figure  1 7.  Slump-earthflow  in  glacial  till  in  a recent  highway  cut 
along  U.S.  Route  15  north  of  Mansfield. 


Table  4.  Factors  That  Influence  Landslide  Susceptibility 
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Figure  1 9.  Index  map  of  7.5-minute  quadrangles  in  the  Williamsport  1 - by  2-degree  area,  showing  the 
locations  of  landslide  areas  discussed  in  detail  in  the  text. 


has  been,  and  continues  to  be,  an  active  geologic  agent 
in  this  area  and  that  it  contributes  to  the  development 
of  the  landscape  of  north-central  Pennsylvania. 

Some  portions  of  the  study  area  are  more  suscep- 
tible to  landslide  occurrence  than  others.  These  areas 
are  delineated  on  Plate  1,  and  the  criteria  used  to  es- 
tablish each  are  explained  in  the  text  section  “Land- 
slide Susceptibility.”  Although  some  factors  that  have 
an  effect  upon  landslide  susceptibility  (Table  4)  can  be 
designated  on  a map,  two  significant  factors  cannot  be 
so  shown,  and  may  lead  to  landslides  and  their  resul- 
tant deposits  in  any  part  of  the  study  area.  First,  heavy 
precipitation  in  intense  storms  may  cause  generally 
stable  slopes  to  fail  and  will  almost  certainly  cause 
some  unstable  ones  to  fail.  The  heavy  rain  associated 
with  tropical  storm  Agnes  in  June  1972  triggered  many 
landslides  in  the  eastern  part  of  the  map  area  that  had 
little  correspondence  to  any  mapped  slope  designa- 
tion. Second,  construction  activities  that  involve  cut 
and  fill  can  generate  landslides  in  freshly  made  cuts 
or  on  adjacent  natural  slopes.  For  example,  simultane- 
ous dam  and  highway  construction  in  1978  in  Tioga 


County  triggered  a major  landslide  in  sensitive,  un- 
consolidated glacial  deposits. 

Any  one,  or  a combination,  of  the  factors  listed 
in  Table  4 will  have  an  influence  on  the  likelihood  of 
occurrence  of  a landslide  and  will  be  discussed  in 
greater  detail  in  the  next  section  (“Factors  That  Af- 
fect Landsliding”). 

In  the  Williamsport  area,  each  of  the  seven  land- 
slide types  is  characteristic  of  specific  terrain  types, 
although  not  entirely  limited  to  these.  Debris  ava- 
lanches and  debris  slides  are  characteristic  of  steep 
slopes  of  the  deeply  incised  stream  valleys  in  the 
western  part  of  the  area.  Debris  flows  are  character- 
istically slow  moving,  and  develop  in  unconsolidated 
glacial  material  in  the  northern  and  eastern  parts  of 
the  area.  Rockfalls  and  rockslides  can  occur  from 
any  cliff  or  rock  face,  but  are  most  common  and  of 
greatest  consequence  along  constructed  rock  cuts  for 
highways  in  the  western  and  southern  parts  of  the 
area.  Slumps  are  a common  form  of  slope  failure 
along  stream  banks  throughout  the  area  and  are  also 
characteristic  of  cut  slopes  in  unconsolidated  glacial 
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deposits  in  northern  and  eastern  sections.  Slumps  com- 
bined with  debris  flows  or  earthflows  are  character- 
istic of  areas  of  thick  colluvium  or  moderately  thick 
glacial  deposits  on  moderately  steep  valley  sides  in 
northern  and  western  parts  of  the  area.  Composite  land- 
slides are  not  characteristic  of  any  specific  localities, 
because  they  are  combinations  of  the  other  types  and 
have  diverse  properties. 

Detailed  Observations  of 
Individual  Landslides 

The  field  work  in  this  study  included  an  exami- 
nation of  a number  of  landslides  in  some  detail.  This 
examination  involved  measuring  major  features,  pre- 
paring a sketch  map,  sampling  the  material  in  some 
slides,  and  noting  general  geologic  features  of  the  slide 
and  surrounding  area.  An  attempt  was  made  to  select 
sites  that  are  representative  of  the  various  types  of 
landslides  and  of  the  different  geologic  and  physio- 
graphic divisions  of  the  area.  Figure  19  shows  the  lo- 
cations of  the  13  landslide  occurrences  discussed  below. 

I.  Galeton  Quadrangle 

This  slide  is  a progressive  slump  failure  in  gla- 
cial-lake clay,  till,  and  colluvium.  The  slump  is  located 


on  the  north  side  of  U.S.  Route  6 in  Galeton  Borough, 
Potter  County.  The  slide  is  across  the  highway  from 
and  about  50  feet  above  Pine  Creek.  A location  map 
is  given  in  Figure  20. 

The  top  of  the  slump  is  slightly  below  the  level 
of  the  contact  between  the  Devonian  Catskill  Forma- 
tion and  the  Mississippian  and  Devonian  Huntley  Moun- 
tain Formation.  These  sandstones  and  shales  dip  very 
gently  to  the  northwest.  Glacial-lake  deposits,  ground 
moraine,  and  local  colluvium  of  Olean  (latest  Wiscon- 
sinan)  age  overlie  the  bedrock  at  the  site,  which  is 
very  close  to  the  Wisconsinan  glacial  border  (Crowl 
and  Sevon,  1980).  The  mapped  soil  is  Cattaraugus 
channery  silt  loam. 

Figure  21  is  a sketch  map  and  cross  section  of 
this  slump,  which  is  approximately  300  feet  long  and 
about  535  feet  wide  at  the  toe,  faces  south-southwest, 
and  has  a slope  of  between  25  and  30  percent.  The 
elevation  at  the  toe  is  1,370  feet;  total  relief  on  the 
slide  is  approximately  80  feet.  It  occurs  near  the  base 
of  an  800-foot-high  slope  above  Pine  Creek  that  is 
wooded,  having  small  (1  to  12  inches  in  diameter)  de- 
ciduous trees.  Figure  22  is  a photograph  taken  from 
U.S.  Route  6,  looking  northwest  across  the  slide. 

Approximately  10  feet  of  brown,  stiff  glacial-lake 
clay  is  exposed  at  the  toe,  where  slide  material  has  been 
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Figure  20.  Location  of  a slump  along  U.S.  Route  6,  Galeton. 
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(hochures  on  side  of 
down-dropped  block) 


removed  to  keep  the  road  clear.  X-ray 
diffraction  analysis  of  the  clay  indicates 
the  presence  of  smectite.  A sample  of 
the  clay  was  analyzed  for  engineering 
strength  properties,  and  the  results  are 
on  file  at  the  Pennsylvania  Bureau  of 
Topographic  and  Geologic  Survey  in 
Harrisburg.  Above  the  clay,  red-brown 
till  is  exposed;  the  uppermost  section 
of  the  slide  occurs  in  colluvium  or  col- 
luviated  till.  The  slide  body  is  a series 


Figure  22.  The  toe  and  lower  scarp 
of  the  Galeton  slide.  The  light  snow 
cover  emphasizes  the  multiple  scarps. 
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76‘'50'47"  76°49'20" 


Figure  23.  Location  of  the  Huntersville  rockslide 
and  debris  slide. 


of  slump  blocks,  and  earthflow  has  taken  place  at  the 
toe.  The  pattern  of  scarps  indicates  probable  progres- 
sive slump  failures.  Evidence  of  recent  sliding  below 
the  highway  is  lacking. 

Except  during  very  dry  weather  periods,  the  slide 
area  is  wet,  the  toe  is  very  wet,  and  water  runs  in  the 
ditch  along  the  roadside.  No  ponding  of  water  was 
observed  in  the  body  of  the  slide. 


Figure  24.  Sketch  mop  of  the  Huntersville  slide. 
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II.  Huntersville  Quadrangle 

On  January  13,  1983,  a rapid  rockslide  and  debris 
slide  blocked  Pa.  Route  864  in  Upper  Fairfield  Town- 
ship, Lycoming  County.  Additional  sliding  occurred  on 
January  15  or  16  and  January  23,  after  more  rain  and 
some  highway  cleanup  activity.  The  site  is  approxi- 
mately one  half  mile  west  of  the  village  of  Fairfield 
Center  (Figure  23),  and  is  at  the  base  of  a northwest- 
facing, convex  slope  above  Mill  Creek. 

The  bedrock  involved  is  sandstone,  siltstone,  and 
shale  of  the  Catskill  Formation,  approximately  550  feet 
stratigraphically  above  the  base  of  the  formation.  At- 
titudes of  N85°E,  25°NW  and  N73°E,  22°NW  were 
measured  at  the  head  and  toe  of  the  slide  (Figure  24). 
Approximately  2 feet  of  yellowish-brown  channery  silt 
loam  overlying  the  rock  is  exposed  in  the  head  scarp. 
No  evidence  of  any  surface  water  or  groundwater  con- 
centration was  observed.  One  inch  of  rain  was  reported 
locally  on  January  10  and  11.  The  adjacent  wooded 
slopes  are  steep,  ranging  from  28  to  35  degrees  (53  to 
70  percent  slope).  The  bedrock  at  the  toe  of  the  slide 
area  had  been  cut  when  the  road  was  relocated  in  1980 
(Figures  24  and  25). 


The  length  of  the  slide  from  head  scarp  to  toe  is 
250  feet,  and  the  width  is  362  feet  along  the  road.  The 
vertical  relief  between  the  head  scarp  and  the  road  is 
approximately  100  feet.  The  head  scarp  is  up  to  10  feet 
high  and  exposes  rock  and  thin  soil.  The  upper  portion 
of  the  slide  mass  is  composed  primarily  of  large  intact 
blocks,  which  are  commonly  covered  with  soil  and  trees 
and  other  vegetation  (Figures  14  and  26).  The  orien- 
tation of  trees  indicates  that  some  blocks  have  been  ro- 
tated into  the  slope,  as  in  a slump,  while  others  have  ro- 
tated out,  as  in  a topple.  Material  is  progressively  more 
broken  lower  on  the  slope,  but  large,  intact  blocks  (at 
least  one  up  to  40  feet  long)  were  observed  (Figure  27). 
The  debris  consists  of  roughly  rectangular  fragments 
of  olive  to  gray  to  reddish-brown  siltstone,  olive  shale, 
red  to  brown  very  fine  sandstone,  and  buff  to  tan  clay- 
stone.  Block  size  ranges  from  about  1 inch  to  40  feet 
in  maximum  dimension,  but  most  are  less  than  3 feet. 
The  fragments  are  platy,  having  length: width: thick- 
ness ratios  ranging  from  10:7:1  to  4:4:1. 

By  late  January  1983,  enough  material  had  been 
removed  to  clear  the  road.  The  areal  extent  of  the  toe 
could  be  mapped,  although  the  original  toe  condi- 
tions are  unknown. 


Figure  25.  Cross  sections  of  the  Huntersville  slide.  Locations  of  cross  sections  are  shovyn  in  Figure  24. 
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Figure  26.  Large  tree-covered 
blocks  on  the  upper  portion  of  the 
Huntersville  slide.  A bulldozer  to 
the  right  gives  approximate  scale. 


III.  Allenwood  Quadrangle 

Three  small  rockslides  occur  along  U.S.  Route 
15  in  Gregg  Township,  Union  County,  above  the 


Figure  27.  Photograph  of  the  central  portion  of 
the  Huntersville  slide.  The  large,  partially  debris- 
covered  blocks  (on  either  side  of  the  person  indi- 
cated by  an  arrow)  have  moved.  Note  the  varia- 
tion in  size  of  rock  fragments. 


No  free  water  or  wet  zones  within  the  slide  were 
observed.  Failure  apparently  occurred  along  bedding 
planes  and  joint  openings  in  response  to  the  loss  of 
support  from  the  excavated  toe  material.  The  North- 
east Seismic  Network  office  at  The  Pennsylvania  State 
University  (oral  communication,  1983)  reported  no 
seismic  events  at  the  time  that  could  have  triggered  the 
slide. 

Although  the  slide  caused  no  direct  injury  to  peo- 
ple or  private  property.  Pa.  Route  864  was  closed  for 
12  days.  The  Williamsport  Sun-Gazette  (January  19, 
1983)  mentioned  a highway  department  cost  estimate 
of  $20,000  for  removal  of  10,000  cubic  yards  of  ma- 
terial. The  estimate  predated  the  second  and  third  slide 
events  of  January  15  or  16  and  January  23,  which  added 
approximately  5,000  cubic  yards  of  additional  rock  and 
debris.  As  of  January  24,  1983,  all  loose  material  had 
been  removed  from  the  roadway,  and  a 5-foot-wide 
shoulder  had  been  cut  along  the  pavement  to  collect 
additional  falling  debris.  Final  stabilization  efforts  may 
involve  excavation  of  the  slide  area  down  to  stable 
bedrock. 


West  Branch  Susquehanna  River,  be- 
tween 1,000  and  3,000  feet  south  of 
the  mouth  of  White  Deer  Hole  Creek. 
They  lie  on  a steep  rock  face  where 
the  highway  grade  is  cut  into  the  high 
riverbank.  The  northernmost  failure 
is  a wedge-failure-type  rockslide,  the 
adjacent  one  is  a planar  rockslide.  and 
the  southernmost  one  is  a rock  topple 
(Figures  28  and  29).  All  three  slides 
are  related  to  an  extensive  highway- 
widening  roadcut  completed  in  1957 
and  have  forced  closings  of  the  high- 
way at  times  since  then. 

The  slides  are  in  shale  of  the  upper  part  of  the 
Silurian  Rose  Hill  Formation  of  the  Clinton  Group 
along  the  north  limb  of  the  anticline  that  forms  White 
Deer  Mountain.  Inners  and  Wilshusen  (1986)  mea- 
sured the  attitudes  of  natural  rock  discontinuities  in 
the  roadcut,  and  Figures  29,  30,  and  31  were  prepared 
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Figure  28.  Location  of  rockslides  near  Allenwood. 


from  their  data.  The  dimensions  of  the  slides  shown 
in  Figure  29  reflect  the  conditions  that  existed  at  the 
time  of  their  study. 

The  wedge  failure  (shown  in  Figure  13)  at  the 
north  end  of  the  cut  is  about  150  feet  long  and  25  feet 
wide  at  the  road  edge.  The  wedge  axis  plunges  42  de- 
grees toward  N46°E.  The  recurrent  rockslide  (Figure 
32)  is  approximately  75  feet  long  and  120  feet  wide, 
and  has  a head  scarp  about  15  feet  high.  The  slope 
of  the  debris  surface  became  35  degrees  following  re- 
moval of  the  loose  material  blocking  the  highway.  This 
site  has  been  a problem  since  shortly  after  the  road 
opening.  In  1970,  the  southbound  lanes  were  closed 
after  large  cracks  were  observed  in  the  shale.  PennDOT 
removed  much  of  the  loose  material  by  blasting,  cre- 
ating the  general  configuration  of  the  present  slope. 
Repeated  rockslides  forced  closing  of  the  highway  in 
January  1974  and  May  1983.  Although  the  slide  area 
is  now  partially  stabilized,  the  near-vertical  head  scarp 
in  fractured  rock  is  a potential  site  for  further  sliding. 


EXPLANATION 


Landslide  scarp 
(hachures  on  side  of 
down-dropped  block) 


Strike  and  dip 
of  joint 


Limit  of  slide  area 


‘^36  Strike  and  dip 
of  minor  fault 


— •«.  Upper  limit  of  thin 
layer  of  debris 


Azimuth  and  plunge 
of  slickenline 


Strike  and  dip 
of  bedding 


Figure  29.  Sketch  maps  of  individual  rockslides  near  Allenwood  (modified  from  unpublished  data).  Top 
left,  wedge  failure;  top  right,  rock  topple;  bottom  left,  recurrent  rockslide. 
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Figure  30.  Stereograms  (equal-area  lower  hemisphere  projections).  A.  Discontinuity  planes  in  shale  at 
the  site  of  a large  recurrent  rockslide  near  Allenwood  (from  Inners,  1 997,  p.  94).  Bd,  bedding 
(N82°W,  21  degrees  NE);  strike  joints  (N82°E,  73  degrees  SE);  dip  joints  (N6°E,  81  degrees 
NW);  oblique  joints  (N33°W,  76  degrees  SW);  Fit,  fault  (N42°E,  36  degrees  SE).  The  cut 
face  shown  in  the  diagram  (N22°W  at  1 /2: 1 , or  63  degrees  slope  to  the  northeast)  is  the  slope 
angle  prior  to  attempted  rehabilitation  in  the  fall  of  1 970.  B.  Contour  diagram  of  the  poles  of 
1 00  joints  at  the  Allenwood  cut  (from  unpublished  data).  Contours  are  at  2,  4,  8,  1 2,  1 6,  and 
24  percent  per  1 percent  area.  Jj,  strike  joints;  dip  joints;  J^,  oblique  joints. 


Figure  31 . Stereogram  (equal-area  lower  hemisphere  projection)  showing  the  relative  stability  of  discon- 
tinuity intersections  at  the  site  of  a large  recurrent  rockslide  near  Allenwood  (from  unpub- 
lished data). 
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showed  a north-noithwest-trending  fault  slightly  above 
the  head  of  the  recent  slide.  Colton  showed  this  fault 
as  questionable.  Field  and  aerial-photograph  examina- 
tion suggests  that  the  displacement  along  this  “fault” 
may  be  due  instead  to  a very  large  (more  than  1 ,000 
feet  wide)  bedrock  slump.  Bedding  attitude  and  field 
appearance  are  consistent  with  this  idea.  No  surface 
expression  of  the  fault  where  it  is  mapped  crossing 
Pa.  Route  44  north  of  the  slide  area  was  found  dur- 
ing field  reconnaissance. 

The  area  below  the  rock  slump  or  fault  is  clearly 
discemable  on  1963  aerial  photographs  as  an  old  land- 
slide area  and  is  indicated  on  Figure  33.  The  surround- 
ing slopes  appear  to  have  a thin  cover  of  boulder  or 
channery  colluvium.  The  recent  slide  is  entirely  within 
the  older  slide  area. 

No  external  sources  of  surface  water  were  ob- 
served. The  uppermost  appearance  of  water  is  just 
above  the  toe  of  the  surface  of  rupmre,  which  is  also 
the  approximate  location  of  the  Catskill-Huntley  Moun- 
tain contact.  Water  flows  down  to  the  toe  where  drain- 
age diversion  channels  have  been  cut  to  lead  water  out 


Figure  33.  Location  of  a complex  debris  ovolonche- 
flow  at  Torbert  on  the  Jersey  Shore  quadrangle. 


Figure  32.  The  large  recurrent  rockslide  near  Al- 
lenwood. 


IV.  Jersey  Shore  Quadrangle 

During  an  intense  local  rainstorm  on  the  night 
of  May  14,  1978,  a debris  avalanche  moved  down  the 
steep  slope  where  Pine  Creek  cuts  through  the  Alle- 
gheny Front  near  Torbert,  in  Watson  Township,  Ly- 
coming County  (Figure  33).  The  toe  of  the  debris 
flowed  around  a house,  badly  damaging  the  porch, 
which  was  later  removed.  The  slide  is  classified  as  a 
debris  avalanche-flow  in  old  landslide  deposits  and/or 
colluvium.  No  apparent  bedrock  failure  took  place. 

Interbedded  sandstones,  siltstones,  and  shales  of 
the  Devonian  Catskill  Formation  and  Mississippian  and 
Devonian  Huntley  Mountain  Formation  underlie  the 
slide  area.  The  approximate  elevation  of  the  Catskill- 
Huntley  Mountain  contact  is  900  feet,  which  is  280 
feet  above  the  toe  and  250  feet  below  the  head  of  the 
slide.  The  lower  end  of  the  surface  of  rupture  is  ap- 
proximately at  the  contact  (Figure  34). 

The  geologic  strucmre  is  fairly  complex.  The 
slide  is  located  very  close  to  the  axis  of  an  extremely 
asymmetric  (faulted?)  syncline.  Colton  (1967)  and  the 
Geologic  Map  of  Pennsylvania  (Berg  and  others,  1980) 
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Figure  34.  Sketch  map  and  schematic  cross  sections  of  the  Torbert  slide. 
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of  the  toe  deposits.  The  upper  part  of  the  slide  area 
is  spongy  and  somewhat  wet,  but  no  ponding  was  ob- 
served. 

The  maximum  length  of  the  slide,  corrected  for 
slope,  is  1,125  feet.  The  greatest  width  is  262  feet  at 
the  head.  The  slide  narrows  to  20  feet  at  the  central 
“chute”  area,  and  the  deposit  at  the  toe  is  65  feet  wide. 
The  elevation  at  the  head  is  1 , 150  feet,  and  at  the  toe 
it  is  620  feet,  for  a maximum  relief  of  530  feet.  The 
southwest-facing  slope  has  an  average  steepness  of  25 
degrees,  or  46  percent. 

The  upper  section  of  the  slide  is  a slump-earth- 
flow  having  multiple  scarps  and  benches.  Below  the 
crown,  this  section  has  multiple  isolated  slump  blocks 
and  minor  earthflow  lobes.  The  scarp  height  ranges 
up  to  12  feet.  The  material  exposed  in  the  scarps  is 
stony  colluvium  having  platy,  subangular  sandstone 
fragments  (4  inches  to  2 feet  in  maximum  dimension) 
in  a red-brown  clay-silt  matrix.  Water  was  observed 
flowing  from  the  lower  flow  lobes  and  slump  blocks. 
The  slope  of  this  portion  of  the  slide  ranges  from  18 
to  30  degrees. 


Figure  35.  Photograph  looking  up  through  the 
central  "chute"  portion  of  the  Torbert  slide  at  the 
lower  port  of  accumulated  slumped  material.  Sand- 
stone layers  may  be  bedrock  or  large  debris. 


The  central  section  of  the  slide  is  a 20-  to  40- 
foot-wide,  6-  to  12-foot-deep,  V-shaped,  scoured  chan- 
nel having  no  vegetation  (Figures  35  and  36),  and  a 
very  thin  deposit  of  boulders  and  smaller  rocks  in  the 
bottom  of  the  channel.  Material  has  moved  through 
this  zone  with  little  or  no  deposition.  Trees  on  the  edge 
of  the  channel  are  abraded  and  scarred  to  a height  of 
about  4 feet  above  the  original  land  surface,  presum- 
ably by  moving  debris.  Possible  exposures  of  bedrock 
can  be  seen  in  the  channel,  but  they  may  be  large, 
horizontally  oriented  rock  fragments.  At  the  time  of 
the  authors’  inspection,  there  was  a continuous  flow 
of  water  in  the  channel,  which  has  a slope  of  about 
32  degrees. 

The  toe  of  the  slide  consists  of  the  debris-flow 
deposit.  The  extreme  lower  end  of  the  deposit  has 
been  removed  to  allow  repairs  and  access  to  the  house. 
The  deposit  is  composed  of  fallen  trees  and  other  de- 
bris thoroughly  mixed  into  the  stony  silt  and  clay 
slide  material.  Maximum  thickness  of  the  deposit  is 
20  to  30  feet.  The  slope  angle  decreases  downslope 
through  this  section  from  24  degrees  to  15  degrees. 


Figure  36.  Photograph  looking  down  through  the 
central  "chute"  portion  of  the  Torbert  slide.  The 
person  in  the  center  of  the  photograph  provides 
scale. 


LANDSLIDE  TYPES  AND  OCCURRENCE 


31 


V.  Lock  Haven  Quadrangle 

The  Lock  Haven  landslide  is  a complex  planar 
slide-earthflow  in  colluvium  (and  glacial  deposits?) 
along  the  south  side  of  U.S.  Route  220  (Lock  Haven 
bypass)  in  Wayne  Township,  Clinton  County.  The  site 
is  on  the  north  side  of  Bald  Eagle  Mountain,  just  above 
the  confluence  of  Bald  Eagle  Creek  and  the  West 
Branch  Susquehanna  River.  The  failure  occurred  dur- 
ing highway  construction,  following  cutting  of  the  toe 
of  the  slope. 

Shales  and  limestones  of  the  Mifflintown,  Blooms- 
burg,  and  Wills  Creek  Eormations  (Middle  and  Upper 
Silurian  in  age)  comprise  the  bedrock  at  the  site.  An 
attitude  of  N65°E,  55°NW  was  measured  in  an  expo- 
sure near  the  toe  of  the  slide.  The  surficial  deposits 
overlying  the  bedrock  have  been  described  as  a com- 
plex of  Illinoian  glacial  deposits  and  colluvium  based 
on  the  presence  of  a reddish  soil  profile  in  colluvium 
above  till-like  boulder  clay.  This  soil  profile  is  overlain 
by  younger  colluvium.  A lobate  deposit  from  an  an- 
cient (periglacial?)  landslide  can  be  seen  on  the  topo- 
graphic map  (figure  37)  of  the  site. 

The  adjacent  wooded  slopes  are  covered  with  col- 
luvium derived  from  the  higher  slopes  of  Bald  Eagle 
Mountain.  A similar,  but  smaller,  failure  occurred  ap- 
proximately 1 mile  east  of  this  site.  A boulder  field  (of 
Tuscarora  sandstone)  believed  to  be  of  periglacial  ori- 


gin lies  on  the  upper  slope  of  Bald  Eagle  Mountain 
about  300  feet  above  the  base  of  the  slide.  This  field, 
which  can  be  seen  in  Figure  5,  is  possibly  related  to 
the  ancient  landslide  deposit  that  occurs  directly  below 
it  (Figure  37). 

The  recent  slide  is  approximately  460  feet  long 
and  1,350  feet  wide  along  a 20-degree,  north-northwest- 
facing slope  (Figure  38).  Maximum  relief  on  the  slide 
is  about  150  feet.  The  pre-slide  surface  (from  the  topo- 
graphic map)  was  planar  to  slightly  convex.  The  undis- 
turbed 12-degree  slope  immediately  above  the  head 
scarp  shows  some  minor  surface  drainage. 

The  maximum  relief  on  the  main  head  scarp  is  ap- 
proximately 8 feet,  decreasing  to  3 to  4 feet  at  the  sides. 
The  scarp  is  fresh  and  apparently  active.  An  upper 
block,  about  70  feet  wide,  has  dropped  (as  a graben) 
about  4 to  6 feet,  which  indicates  planar  rather  than 
rotational  failure.  The  material  exposed  in  the  scarp 
is  yellow-brown  stony  colluvium  and  is  not  particu- 
larly clay  rich  at  the  sample  location.  At  the  east  end 
of  the  slide  (Figure  39)  are  multiple  minor  scarps  hav- 
ing vertical  displacements  of  2 to  6 feet.  At  the  west 
end,  excavation  and  installation  of  drainage  have  al- 
tered the  surface  detail.  A boulder-lined  drainage  ditch 
probably  follows  the  trend  of  an  earlier  scarp.  Head- 
scarp  relief  decreases  to  the  east,  and  the  scarp  dies 
out  in  the  woods.  A lower  scarp  curves  around  and 
defines  the  east  flank  of  the  slide. 
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Figure  37. 


Location  of  the  Lock  Haven  landslide.  Note  the  boulder  fields  and  topographic  bulge  of  an 
old  landslide  deposit  above  the  recent  slide  area. 
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Figure  39.  The  eastern  part  of 
the  Lock  Haven  slide  from  near 
the  center  of  the  toe.  Note  the 
secondary  scarps,  flow  lobes, 
and  cattail  growth  on  top  of  the 
slump  block  and  at  the  toes  of 
flow  lobes.  The  main  head  scarp 
is  out  of  view  in  the  woods. 


Figure  40.  An  active  minor  earth- 
flow  in  the  eastern  pari  of  the  Lock 
Haven  slide.  The  slope  below  the 
flow  was  excavated  to  bedrock 
during  highway  construction. 


The  lower  portion  of  the  slope 
was  cut  to  allow  highway  construc- 
tion, and  a large  volume  of  material 
has  been  removed  since  the  initial 
slide  failure.  Most  of  the  area  within 
100  to  150  feet  of  the  road  has  been 
cut  back  to  bedrock  and  is  thickly 
covered  with  grass  and/or  crown 
vetch.  The  toe  of  the  slide  has  flowed 
over  the  cut  bedrock  surface  (Fig- 
ure 40).  The  west  end  of  the  slide  area  has  had  an  ex- 
tensive drainage  system  installed.  The  eastern  end  is 
poorly  drained,  having  large  swampy  areas  that  sup- 
port cattail  growth,  and  is  actively  moving  closer  to 
the  road  edge.  The  surface  is  hummocky,  wet,  and 
stony  and  has  active  small  earthflow  lobes  (Figure  41 ). 


VI.  Sayre  Quadrangle 

This  complex  slump-earthflow  in  glacial-lake  clay 
and  till  and/or  colluvium  is  on  the  north  bank  of  Buck 
Creek  in  Ulster  Township,  Bradford  County  (Figure 
42).  The  site  is  1.2  miles  west  of  Milan  on  S.R.  (Penn- 
sylvania State  Route)  4014,  approximately  1.5  miles 
above  the  confluence  of  Buck  Creek 
with  the  Susquehanna  River.  The 
slide  is  active,  the  west  end  being  at 
least  several  years  old.  Recent  dam- 
age to  the  road  has  occurred  near 
the  center  of  the  head  scarp  (Fig- 
ures 43,  44,  and  45).  Movement  of 
this  slide  has  been  monitored  with 
inclinometers  by  PennDOT.  Repair 
efforts  have  included  regrading  and 
emplacement  of  fill  at  the  top  of  the 
slide.  Stream  erosion  at  the  toe  is 
assumed  to  be  the  primary  causative 
factor  for  instability. 


The  Upper  Devonian  Lock  Haven  Formation  un- 
derlies the  site  and  crops  out  along  the  road  0.2  mile 
west  of  the  slide,  where  bedrock  attitude  is  N88°W, 
5°NE.  Gray  silty  clay,  interbedded  with  light-brown 
silt  and  having  scattered  dropstones  (interpreted  as 
varved  glacial-lake  deposits),  is  exposed  in  the  land- 
slide scarps.  Reworked,  very  plastic,  gray  clay,  over- 
lain  by  a cobble  and  pebble  pavement,  is  exposed  at 
the  toe.  The  clay  extends  to  at  least  25  feet  above 
stream  level  and  is  overlain  by  till  and/or  colluvium. 
The  mapped  soils  are  Chenango,  which  is  character- 
istic of  outwash  terraces  in  stream  valleys,  and  Volu- 
sia, which  typically  forms  on  glacial  clays  and  tills 
(Rayburn  and  Braker,  1981). 
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An  active  stream  is  flowing  at  the  toe  of  the  slide. 
Several  wet  to  extremely  wet  areas  were  observed  in 
the  lower  slide  mass,  but  no  surface  drainage  into  the 
slide  area  was  seen.  A storm  drain  in  the  road  across 
from  the  slide  is  a possible  source  of  water  to  the  slide. 

Another  small  slide  lies  immediately  adjacent 
downstream,  but  no  other  slide  activity  was  observed 
above  the  road  or  elsewhere  in  the  immediate  vicinity 
of  this  slide.  Bedrock  is  exposed  upstream  of  the  slide 
in  the  stream  bed  and  downstream  along  the  north- 


Figure41.  Close-up  photograph 
of  the  toe  of  an  active  earthflow 
lobe  in  the  Lock  Haven  slide.  The 
pick  is  approximately  20  inches 
long. 

east  bank.  The  entire  section  of 
stream  bank  underlain  by  this  local 
glacial-lake  deposit  appears  to  be 
affected  by  the  slide. 

The  slide  is  approximately  190 
feet  long  and  1 , 100  feet  wide  and  has 
about  60  feet  of  relief.  The  hillside 
faces  to  the  south-southwest  and 
slopes  at  about  20  degrees.  The  head 
scarp  is  largely  obscured  by  the  ad- 
dition of  fill  and  by  regrading  to 
maintain  the  road  and  shoulder.  At 
the  west  end  of  the  slide,  the  active 
scarp  is  up  to  15  feet  high  near  its  intersection  with 
the  road  (Figure  43).  The  relief  and  apparent  fresh- 
ness of  the  scarp  decrease  rapidly  to  the  west,  and 
the  scarp  trace  is  lost  in  a grassy  field.  East  of  the 
section  along  the  road,  about  25  feet  of  interbedded 
gray  silty  clay  and  light-brown  silt  is  exposed  in  the 
scarp.  The  clay  is  also  exposed  farther  downstream 
in  the  smaller,  immediately  adjacent  slide. 

The  main  body  of  the  slide  has  been  altered  con- 
siderably by  the  construction  efforts  to  maintain  the 
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Figure  42.  Location  of  a recent  slump  near  Sayre. 
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Figure  43.  Sketch  map  and  cross  sections  of  the  Sayre  slump. 
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road.  Addition  of  fill  is  the  most  obvious  change,  but 
there  is  also  evidence  of  test  borings  and  installation  of 
instrumentation.  At  the  west  end  of  the  main  body  of 
the  slide,  the  contact  between  lake  clays  and  the  over- 
lying  till/colluvium  is  exposed  in  a minor  scarp.  The 
attitude  of  the  varved  bedding  here  indicates  that  slump 
blocks  have  been  tipped  back  into  the  hillside  from 
the  original  horizontal  bedding.  This  presumably  oc- 
curred in  an  earlier,  larger  slump  than  the  present  one. 

Below  the  construction  access  road  is  an  extremely 
wet,  heavily  vegetated  area.  The  toe  of  the  slide  is  very 
wet  all  along  the  stream  where  earthflow  lobes  en- 
croach on  the  stream.  These  earthflow  lobes  are  pri- 
marily clay  and  have  a surface  pavement  of  cobbles 


and  pebbles,  presumably  derived 
from  overlying  till  and/or  colluvium. 
Where  the  clay  is  exposed  in  minor 
scarps  near  the  toe,  it  has  been  re- 
worked by  slide  activity  so  that  the 
bedding  is  destroyed  and  the  clay 
appears  as  uniform  or  mottled  with 
no  discemable  structure. 

One  sample  of  varved  clay  was 
taken  from  the  exposure  at  the  east 
end  of  the  scarp.  X-ray  diffraction 
analysis  showed  the  presence  of  major  quartz  and 
minor  chlorite,  mica,  and  plagioclase.  Smectite  was 
not  found. 


VII.  Dushore  Quadrangle 

A complex  slump-earthflow  in  glaciofluvial  ma- 
terial lies  on  the  outside  bend  of  the  west  bank  of  the 
South  Branch  Towanda  Creek,  near  Stevenson,  Al- 
bany Township,  Bradford  County  (Figures  46  and  47). 
The  slide  was  presumably  triggered  by  stream  ero- 
sion on  the  outside  of  the  bend.  The  most  recent  fail- 
ure at  the  head  scarp  occurred  at  most  a few  days  be- 
fore the  field  visit,  since  tire  tracks  in  a driveway  had 


Figure  44.  Photograph  showing 
the  head  scarp  of  the  Sayre  slump 
largely  obscured  by  fill  and  re- 
grading in  an  attempt  to  maintain 
the  road.  The  head  scarp  is  in  the 
roadway  beyond  the  guardrail 
(marked  by  a dashed  line). 


Figure  45. 


Photograph  of  the  central  part  of  the  Sayre  slump  from  across  the  stream.  Damaged  guard- 
rail at  left  is  at  the  site  of  Figure  44. 
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been  broken  by  slumping.  The  slide  has  been  active 
long  enough  for  riprap  to  have  been  placed  along  the 
stream  bank  in  an  effort  to  reduce  stream  erosion  of 
the  toe  of  the  slide. 

The  underlying  Catskill  Formation  is  not  ex- 
posed in  the  immediate  vicinity  of  the  slide.  The  sur- 
ficial  deposits  consist  of  glaciofluvial  or  glaciolacus- 
trine  silt  and  sand  having  cobbly  and  bouldery  lenses 
and  layers.  Older  landslide  deposits,  indicated  by  hum- 
mocky topography,  are  present  on  the  adjacent  slope 
to  the  north.  The  adjacent  surfaces  upslope  and  to  the 
south  are  covered  by  colluvium.  This  site  is  slightly 
south  of  a site  where  Denny  and  Lyford  (1963)  de- 
scribed colluvium  overlying  lake  deposits  that  in  mm 
overlie  till  (Figure  48). 

Several  groundwater  seeps  were  noted  within 
the  slide  area,  and  the  driveway  at  the  top  of  the  slide 
may  channel  surface  drainage  into  the  slide  area.  The 
slopes  adjacent  to  the  slide  are  steep  (35  degrees)  and 
wooded. 

The  slide  is  approximately  170  feet  long  and  525 
feet  wide  at  the  toe,  and  has  a total  relief  of  about  80 
feet.  The  south-southeast-facing  slope  has  an  average 
steepness  of  about  35  degrees.  The  very  fresh  head 
scarp  is  very  steep  to  overhanging.  The  scarp  has  cut 
back  across  the  driveway  and  fresh  tire  tracks  were 
still  visible  on  the  newly  slumped  block.  The  mate- 
rial exposed  in  the  scarp  is  reddish-brown,  stratified 
silt  and  sand.  Some  boulders  and  cobbles  are  present 
(in  lenses  and  layers)  in  a matrix  of  sand  and  silt.  The 
finer  grained  material  is  fairly  cohesive— large  rec- 
tangular blocks  of  bedded  silt  were  observed  in  the 
loose  material  at  the  toe.  The  material  at  the  toe  ap- 


Figure  46.  Location  of  a stream-bank  slump-earth- 
flow  near  New  Albany  on  the  Dushore  quadrangle. 


peared  to  be  remarkably  free  of  clay.  Some  clay  may 
be  mixed  in  with  coarser  material,  but  the  finest  sedi- 
ment observed  was  silt  sized. 

The  main  btxly  of  the  slide  consists  of  loose  blocks 
of  cohesive  silt  and  sand  interspersed  with  earthflow 
deposits  of  unconsolidated  sediment.  Continual  removal 
of  material  by  the  stream  at  the  toe  has  prevented  the 
buildup  of  any  extensive  landslide  deposits.  In  the  upper 
part  of  the  slide,  several  large  intact  blocks  having  tilted 
trees  indicate  backward  rotation  along  the  failure  sur- 
face. At  other  places  along  the  head  scarp,  trees  have 
tilted  forward  over  the  scarp  edge  (Figure  49).  The 
surface  of  the  main  slide  mass  is  either  grassy  or  bare, 
having  only  a few  small  shmbs  on  the  lower  parts  of 
the  slope.  To  the  northeast  of  the  active  slide  area  is 
an  area  of  wooded  hummocky  ground  typical  of  older 
landslide  areas.  Several  cracks  and  incipient  scarps 
extend  into  this  area  from  the  active  slide. 

The  slide  has  completely  removed  a section  of 
driveway,  cutting  off  access  to  a house,  and  is  appar- 
ently causing  continual  maintenance  problems  along 
the  stream. 

VIIL  Bloomsburg  Quadrangle 

An  active  recurrent  debris  slide  occurs  on  a cut 
slope  along  the  east  side  of  Pa.  Route  487  in  Orange 
Township,  Columbia  County  (Figure  50).  The  site  is  on 
an  outside  bend  of  a side  channel  of  Fishing  Creek,  ap- 
proximately 1 mile  north  of  Light  Street.  The  material 
involved  in  the  slide  is  Glen  Brook  ice-contact  strati- 
fied drift  (Inners,  1981)  or  possibly  till  (Duane  Braun, 
Bloomsburg  University,  oral  communication,  1985) 
overlying  the  Trimmers  Rock  Formation.  This  deposit 
consists  of  a poorly  sorted,  crudely  stratified  mixmre 
of  clay,  silt,  sand,  pebbles,  cobbles,  and  boulders. 

The  slide  is  approximately  450  feet  wide  at  the 
road  and  95  feet  long  from  scarp  to  toe,  and  has  a 2- 
foot-high  head  scarp.  The  surface  of  the  slide  is  steep 
at  45  to  55  degrees  (greater  than  100  percent  slope). 
Standing  water  and  wet  sediment  are  present  along 
the  toe.  Parts  of  the  slide  surface  are  covered  with 
crown  vetch  and  small  trees,  whereas  other  more  re- 
cently active  sections  are  bare.  A sketch  and  a pho- 
tograph of  the  slide  are  shown  in  Figures  51  and  52. 

This  slope  has  apparently  been  continually  re- 
treating by  periodic  debris  sliding  ever  since  the  cut 
was  made  for  highway  construction.  A fence  to  keep 
debris  off  the  roadway  has  been  installed  along  the 
edge  of  the  road  at  the  toe  of  the  slide. 
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Figure  48.  Sketch  of  an  exposure  of  colluvium  overly- 
ing stratified  drift  in  the  west  bank  of  South  Branch 
Towanda  Creek  at  Stevenson,  about  1 .5  miles  north  of 
New  Albany  (from  Denny  and  Lyford,  1963,  p.  16). 
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A number  of  similar  slides  in 
glacial-lake  clay  and  till  occur  along 
North  Elk  Run  in  Richmond  Town- 
ship, Tioga  County.  The  older  slump 
shown  in  Figure  18  is  located  just 
upstream  from  the  one  discussed 
here,  which  is  located  on  Pa.  Route 
660,  approximately  1.5  miles  west 
of  the  intersection  with  U.S.  Route 
15  (Figure  53).  The  slide  area  is  a complex  of  active, 
recent,  and  older  slumps  and  earthflows.  Most  of  the 
toe  of  the  slide  is  along  the  stream  bank  and  therefore 
is  subject  to  ongoing  erosion.  The  head  of  one  of  the 
most  active  areas  of  slumping  causes  continual  dis- 
mrbance  of  Pa.  Route  660  (Figures  54  and  55).  Re- 
peated repairs  to  the  pavement  and  shoulder  have  ob- 
scured evidence  of  the  total  displacement  at  the  head 
scarp. 

At  the  southeast  end  of  the  slide  area  is  a spec- 
tacular exposure  of  till  overlain  by  glaciolacustrine  clay 
and  colluvium.  The  site  was  measured  and  described 
by  Denny  and  Lyford  (1963)  (Figure  56).  Figure  57  is 
a photograph  of  the  same  area.  This  bare  scar  is  ap- 
parently maintained  by  shallow  translational  sliding  of 
material  as  it  weathers  from  the  approximately  45- 
degree  (100-percent)  slope.  Because  the  stream  at  the 
toe  removes  the  slide  material,  there  can  be  only  specu- 
lation on  the  earlier  shape  and  original  failure  mecha- 
nism of  this  part  of  the  slope.  The  northern  portion 
of  the  slide  is  a typical  large  slump-earthflow  having 
minor  active  scarps  and  flow  lobes  in  the  body  of  the 
slide  and  very  wet,  muddy  flow  lobes  at  the  toe  (Fig- 
ure 54).  The  main  scarp  is  subdued  and  well  covered 
with  grass  and  brush.  The  whole  slide  mass  is  some- 
what wet,  but  the  only  standing  water  observed  was  in 
the  area  just  below  the  pavement  patching.  The  slide 
appears  to  involve  only  surficial  material.  The  glacial 
deposits  are  in  contact  with  shaly  siltstone  of  the  De- 


Figure  49.  The  center  portion  of 
the  slide  near  New  Albany,  show- 
ing riprap  at  the  toe  and  both 
slump  and  topple  blocks  at  the 
head. 


IX.  Mansfield  Quadrangle 


Figure  50.  Location  of  a debris  slide  in  glacial 
deposits  north  of  Light  Street  on  the  Bloomsburg 
quadrangle. 
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vonian  Lock  Haven  Formation  at  the  extreme  southern 
end  of  the  slide  area.  The  bedrock  has  an  attitude  of 
N36°W,  11°SW. 

This  slide  and  the  surrounding  area  appear  to  have 
been  active  landslide  sites  for  a long  time.  A local  resi- 
dent reported  that  the  northern  part  of  the  slide  was 
unusually  active  after  the  heavy  rain  associated  with 


tropical  storm  Agnes  in  1972,  but  these  slides  were 
active  earlier  than  that  time.  Most  of  the  area  for 
about  two  miles  along  the  banks  of  Elk  and  North 
Elk  Runs  shows  signs  of  slumping.  A field  check  of 
the  stream  banks  along  North  Elk  Run  showed  that 
areas  of  extensive  landsliding  do  not  appear  upstream 
of  the  highest  noted  outcrop  of  laminated  clay. 

X.  Conrad  Quadrangle 

An  ancient  debris  flow  near 
Conrad,  in  Eulalia  Township,  Potter 
County,  lies  on  a steep,  east-facing 
slope  above  Wild  Boy  Run,  about 
half  a mile  upstream  from  Sinnema- 
honing  Creek  (Figures  58  and  59). 
The  debris  flow  was  identified  from 
aerial  photographs  by  the  distinctive 
convex  form  of  the  slide  deposit. 
The  scar,  from  which  the  slide  ma- 
terial came,  has  become  indistinct. 


Figure  52.  The  central  portion  of 
the  slide  near  Light  Street. 
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Figure  53.  Location  of  a slump-earthflow  complex  west  of  Mansfield. 


The  upper  edge  of  the  slide  deposit  shows  in  the  field 
as  a break  in  slope  that  can  be  traced  across  the  surface 
of  the  slide.  The  surface  of  the  scar  area  has  a slope 
of  approximately  30  degrees  (58  percent),  whereas  the 
upper  portion  of  the  deposit  has  a slope  of  18  to  20 
degrees  (32  to  36  percent). 

The  bedrock  at  the  site  consists  of  nearly  flat- 
lying  rocks  of  the  Catskill  and  Huntley  Mountain  For- 
mations, and  their  contact  is  at  approximately  the  same 
level  as  the  top  of  the  deposit.  The  surficial  material 
on  the  slope  is  boulder  colluvium  derived  primarily 
from  the  Huntley  Mountain  Formation.  Visible  boul- 
ders are  mostly  gray  sandstone  and  range  in  size  up 
to  about  2 feet  in  diameter. 

Both  the  scar  area  and  the  deposit  are  heavily  for- 
ested, having  trees  up  to  2 feet  in  diameter.  The  ground 
surfaces  are  marked  by  “tree-throw  topography,”  a 
pattern  of  mounds  and  pits  left  by  soil  clinging  to  the 
roots  of  fallen  trees  (Figure  60).  The  extensive  devel- 
opment of  tree  throw  is  an  indicator  that  the  slide  is 
at  least  several  hundred  years  old.  See  Denny  (1956) 
for  a more  extensive  discussion  of  this  phenomenon. 


The  surface  of  the  debris-flow  deposit  is  also 
marked  by  larger  scale  “hummocky  topography,”  which 
is  typical  of  landslide  areas  (Figure  61).  The  toe  of 
the  old  slide  deposit  is  adjacent  to  the  flat,  swampy 
valley  floor  of  Wild  Boy  Run  (Figure  62).  The  toe  at 
present  appears  to  be  the  partly  eroded  and  dissected 
remains  of  lobes  that  flowed  out  onto  the  flat  floor  of 
the  valley.  The  upper  surfaces  of  these  flow  lobes  range 
from  about  5 to  30  feet  above  the  swamp  at  the  toe. 

Several  small  streams  of  water  issue  from  the  lower 
part  of  the  slide  deposit.  At  least  two  of  these  emerge 
from  springs  well  back  from  the  edge  of  the  toe  and 
have  eroded  channels  into  the  surface  of  the  slide. 

Recent  slumping  of  one  section  where  the  toe  is 
about  30  feet  thick  was  observed,  but  most  of  the  toe 
has  been  stable  at  least  long  enough  to  allow  for  the 
growth  of  evergreen  trees  having  trunks  more  than  1 
foot  in  diameter.  The  debris  flow  has  apparently  been 
stable  for  hundreds  of  years,  and  it  may  be  as  old  as 
late  Pleistocene.  Similar  ancient  debris  flows  have  been 
identified  in  the  Warren  1-  by  2-degree  map  area  to 
the  west  (Pomeroy,  1983,  1986). 
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Figure  54.  Sketch  map  and  cross  sections  of  the  Mansfield  slide. 
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XL  Keating  Quadrangle 

An  active  rockslide  and  debris  slide  in  thin  boul- 
der colluvium  and  fractured  bedrock  occurs  along  an 
extremely  steep  southwest-facing  slope  above  Kettle 
Creek  and  S.R.  4001,  approximately  1 mile  south  of 
the  Alvin  R.  Bush  Dam  (Figure  63)  in  Leidy  Town- 
ship, Clinton  County.  The  exact  date  of  the  slide  is  un- 
known, but  it  is  visible  on  the  1971  aerial  photographs. 
The  slide  is  presumed  to  be  related  to  highway  con- 
struction. 

The  base  of  the  slide  is  approximately  at  the 
mapped  level  of  the  contact  between  the  Devonian  Cats- 
kill  Formation  and  the  Mississippian  and  Devonian 
Huntley  Mountain  Formation.  Typical  Huntley  Moun- 
tain sandstone  (gray,  trough-crossbedded,  and  fine- 
grained) crops  out  on  the  slope  west  of  the  slide,  75 
to  100  feet  above  the  road  (Figure  64).  The  strike  is 
approximately  N30°W,  and  the  dip  is  to  the  northeast 
at  less  than  10  degrees  (less  than  the  angle  of  cross- 
bedding). The  surficial  deposits  at  the  slide  site  are 
boulder  colluvium.  The  slope  adjacent  to  the  slide 
area  is  paved  with  flaggy  sandstone  boulders  averag- 


Figure  55.  The  head  scarp  and  as- 
sociated pavement  disruption  of  the 
Mansfield  slide  along  Pa.  Route  660. 

ing  1 to  3 feet  across.  The  colluvium  is 
less  than  10  feet  thick  where  it  is  exposed 
in  the  slide  scarp.  The  slide  is  on  a con- 
cave slope  at  the  outside  of  a sharp  bend 
in  Kettle  Creek.  The  adjacent  slopes  are 
steep,  ranging  from  37  to  42  degrees. 

The  slide  is  167  feet  long  and  205 
feet  wide  at  the  toe.  Total  relief  between 
the  toe  and  the  crown  is  140  feet,  and  the 
slope  of  the  slide  surface  is  45  degrees. 
The  upper  portion  of  the  slide  area  is  ex- 
posed bedrock  and  thin  debris  and  boul- 
der cover.  The  upper  scarp  is  sharp,  ap- 
pears fresh,  and  ranges  up  to  10  feet  in  height,  aver- 
aging about  5 feet.  Scarps  along  the  flanks  of  the 
slide  are  more  subdued,  rounded,  and  covered  with 
crown  vetch. 

Two  distinct,  roughly  triangular  debris  deposits 
occupy  much  of  the  lower  part  of  the  slide.  The  re- 
mainder of  the  slide  area  has  a thin  debris  cover  and 
supports  grass,  crown  vetch,  and  a few  maple  sap- 
lings (Figure  65).  The  larger  debris  deposits  are  un- 
vegetated except  at  their  edges.  The  debris  consists  of 
flaggy,  gray  to  gray-brown  sandstone  fragments  (up 
to  4 feet  long  and  1 foot  thick  and  having  an  average 
size  of  about  8 inches  by  10  inches  by  2 inches)  in  a 
red-brown  matrix  of  sand,  silt,  clay,  and  small  rock 
fragments  and  a few  roots,  logs,  and  branches. 

A large  volume  of  material  has  been  removed 
from  the  slide  area  for  highway  maintenance.  Recent 
removal  of  debris  from  the  toe  has  left  a steep,  un- 
vegetated face  and  a wet,  nearly  level  area  adjacent 
to  the  road.  The  stream  bank  below  the  road  is  steep 
and  armored  with  large-boulder  riprap. 

XII.  N anticoke  Quadrangle 
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Figure  56.  Sketch  of  an  exposed  section  of  till, 
lake  deposits,  and  colluvium  at  the  southeast  end  of 
the  Mansfield  slide  (from  Denny  and  Lyford,  1 963, 
Figure  1 0-E,  p.  16). 


A recurrent  flow  in  glaciofluvial  clay,  silt,  sand, 
and  gravel  lies  on  the  southeast  flank  of  Shickshinny 
Mountain  in  Hunlock  Township,  Luzerne  County.  The 
flow  is  just  above  the  Susquehanna  River  floodplain, 
across  U.S.  Route  11  from  the  UGI  power-generating 
station  at  Hunlock  Creek  (Figure  66).  A mudflow  and 
debris  flow  blocked  Route  11  during  a heavy  rainfall 
on  April  16,  1983. 

At  this  location,  the  Catskill  Formation  dips  to  the 
southeast  on  the  northwest  limb  of  the  Lackawanna 
syncline.  Bedrock  apparently  was  not  involved  in  the 
failure,  but  the  dip  slope  and  related  drainage  effects 
may  have  contributed  to  the  cause  of  the  slide. 

The  surficial  material  consists  of  horizontally 
bedded  and  crossbedded  cobbles,  sand,  silt,  and  clay 
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deposited  in  a glacial  delta.  The  slide  area  appears  to 
be  an  abandoned  sand-and-gravel  quarry.  The  canyon- 
like main  scarp  area  of  the  slide  (Figures  68  and  69) 
seems  to  have  developed  along  a preexisting  surface- 
drainage  channel.  The  walls  below  the  scarp  show  evi- 
dence of  seepage  and  piping  developed  along  contacts 
between  sand  and  underlying  silt  and  clay  beds.  Some 
bedded  sediment  has  nearly  vertical  faces,  but  the  slope 
angles  in  loose,  dry  material  range  from  about  35  to 
45  degrees  (70  to  100  percent  slope). 


Figure  57.  Photograph  of  the  sec- 
tion shown  in  Figure  56. 


The  mudflow  and  debris-flow 
deposits  take  the  form  of  low  fans 
covering  and  extending  beyond  the 
floor  of  the  old  quarry  area  (Fig- 
ures 67  and  70).  Sediment  is  poorly 
sorted  throughout  the  fans,  but  there 
is  rough  internal  stratification.  Con- 
centrations of  fine  sediment  occur 
where  the  flows  were  ponded  near 
their  margins.  Except  in  these  silty 
areas,  the  surface  of  the  fans  is  paved 
with  cobbles  and  pebbles.  The  sur- 
face of  the  fans  slopes  about  8 de- 
grees near  the  apex  and  about  6 de- 
grees at  the  edges. 

The  most  recent  fan  has  partially  buried  a num- 
ber of  trees  near  its  margins.  The  older  fan  to  the  west 
is  covered  with  small  trees  and  shrubs,  which  sug- 
gests that  it  has  not  been  an  active  depositional  site 
for  at  least  several  years.  The  recent  fan  is  unvege- 
tated, except  at  the  edges. 

The  only  apparent  damage  affecting  human  ac- 
tivities from  this  movement  is  the  periodic  disruption 
of  traffic  on  the  highway.  There  is  the  potential  for 
loss  of  a support  tower  for  the  electrical  transmission 
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Figure  58.  Location  of  an  ancient  debris  flow  near  Conrad. 
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Figure  59.  Sketch  map  and  cross  section  of  the  Conrad  slide. 
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Figure  60.  An  example  of  "tree- 
throw  topography"  on  the  Con- 
rad slide.  The  person  is  standing 
in  a pit  left  when  a tree  toppled 
and  tore  up  a large  mass  of  soil 
attached  to  the  roots.  As  the  soil 
was  washed  from  the  roots  and 
the  tree  decayed,  the  mound  of  soil 
under  the  backpack  and  younger 
tree  (center)  was  left  behind. 


line  that  crosses  the  site  if  the  head 
scarp  retreats  farther  to  the  north. 
This  debris  flow  is  unusual  within 
the  Williamsport  area  because  of  its 
highly  fluid  character.  This  flow  falls 
near  the  high-water-content  end  of 
the  spectrum  of  flow  classifications. 


XIII.  Berwick  Quadrangle 

A debris  avalanche  in  colluvium  occurred  during 
the  heavy  rains  associated  with  tropical  storm  Agnes 
on  June  21  or  22,  1972.  The  site  is  a steep,  north- 
facing slope  south  of  the  borough  of  Nescopeck,  Lu- 
zerne County  (Figure  71).  This  discussion  is  a synop- 
sis of  an  earlier  description  (Inners  and  Wilshusen, 
1983). 

Sandstone,  siltstone,  and  silty  shales  of  the  Upper 
Devonian  Trimmers  Rock  Formation  dip  to  the  south 
and  are  overlain  by  thin  (less  than  3 feet  thick)  col- 
luvium and  regolith.  The  colluvium  is  composed  of 


bladed  and  platy  rock  fragments,  oriented  roughly 
parallel  to  the  slope,  in  a very  silty  matrix.  A sample 
taken  near  the  crown  consists  of  48  percent  gravel,  8 
percent  sand,  34  percent  silt,  and  10  percent  clay. 

The  debris  avalanche  is  525  feet  long  and  60  to 
175  feet  wide  at  the  toe,  having  a total  relief  of  280 
feet.  The  slide  extends  from  near  the  top  of  the  slope 
to  the  base.  The  slope  steepness  ranges  from  55  de- 
grees near  the  crown  to  about  10  degrees  at  the  toe. 
The  plane  of  failure  is  essentially  at  the  bedrock-col- 
luvium interface.  Field  evidence,  including  abraded 
trees  along  the  edges  of  the  scar  and  the  shape  of  the 
scar  and  deposit,  suggests  that  failure  and  movement 
were  rapid.  The  total  volume  of  dis- 
placed material  has  been  calculated  to 
be  1,500  cubic  yards.  Figures  72,  73, 
and  74  illustrate  this  landslide. 

The  Nescopeck  slide  caused  no 
known  damage  to  roads  or  buildings, 
but  nearby  facilities  are  at  risk  from 
similar  failures  along  the  same  hillside. 


Landslide  Inventory 

The  inventory  portion  of  this  study 
began  with  the  inspection  of  aerial  pho- 
tographs of  63  percent  of  the  area  of 
the  Williamsport  1-  by  2-degree  quad- 
rangle (contained  on  81  of  the  7.5- 
minute  quadrangles).  The  quadrangles 


Figure  61.  View  downslope  near 
the  center  of  the  Conrad  slide  de- 
posit showing  hummocky  topogra- 
phy (H,  hummock;  S,  swale). 
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in  the  project  area.  Field  checking  of 
a typical  quadrangle  involved  about 
a day  and  included  driving  many  of 
the  roads  and  making  foot  traverses 
of  roadless  areas,  in  both  cases  where 
landslides  had  been  noted  on  the 
photographs.  Time  constraints  and 
the  remoteness  of  many  parts  of  the 
study  area  required  that  much  of 
the  area  not  be  field  checked. 

Other  sources  of  data  in  the  in- 
ventory were  field  observations  while 
traveling  through  the  area,  other  ge- 
ologists working  within  the  quadrangle,  PennDOT, 
the  county  offices  of  the  U.S.  Department  of  Agricul- 
ture Soil  Conservation  Service,  and  several  township 
and  municipal  governments.  The  inventory,  therefore, 
includes  information  from  quadrangles  not  included 
in  the  photo  inventory.  The  data  for  these  quadrangles 
are  probably  not  as  complete  as  those  for  the  photo- 
inventoried  areas,  but  they  are  a valuable  addition  to 
the  total  inventory. 

After  their  identification  on  photographs  or  by 
other  means,  each  landslide  was  drawn  on  the  appro- 
priate 7.5-minute  topographic  map  and  assigned  a 
unique  number.  Data  on  the  type  of  slide  and  age  were 
noted  if  they  could  be  determined.  The  length,  width, 
and  elevation  of  the  head  and  toe  of  each  slide  were 
measured  from  the  topographic  maps,  as  was  the  azi- 
muth, or  compass  direction,  of  the  slope.  Percent  slope 
was  calculated  from  the  length  and  elevation  data.  The 
bedrock  geology  of  each  site  was  determined  from  the 
relevant  published  maps  of  the  Pennsylvania  Bureau 
of  Topographic  and  Geologic  Survey.  The  nature  of 
surficial  deposits  was  determined  from  published  maps 
where  available,  and  from  field  observation,  photo  in- 
terpretation, or  soils  maps  in  many  other  areas.  The 
appendix  contains  these  data  for  all  landslides  in  the 
inventory,  and  it  also  contains  reduced  copies  of  the 
topographic  maps  showing  their  locations.  The  land- 
slide locations  are  shown  on  Plate  1 as  small  dots. 

Analysis  of  the  inventory  data  involved  separa- 
tion of  the  landslides  into  groups  based  on  landslide 
type,  and  tabulation  of  each  recorded  factor  for  each 
type.  The  distribution  of  1,349  identified  landslides 
by  slide  type  is  shown  in  Figure  75.  The  high  pro- 
portion of  composite  slides  reflects  in  part  the  num- 
ber of  slides  for  which  the  type  could  not  be  deter- 
mined on  the  aerial  photographs. 


included  in  the  photo-inventory  area  were  chosen  to 
represent  the  various  geologic  and  physiographic  di- 
visions of  the  area,  as  well  as  typical  urban,  farmland, 
forest,  and  mined  areas.  Figure  81  in  the  appendix  in- 
dicates which  areas  were  included  in  the  photo  in- 
ventory. Field  checking  of  the  photo-inventoried  areas 
began  early,  to  ensure  that  typical  photo  signatures 
were  correctly  identified  in  each  of  the  types  of  terrain 
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Figure  63.  Location  of  a debris  slide  along  Kettle 
Creek  on  the  Keating  quadrangle. 


Figure  62.  The  toe  of  the  Con- 
rad slide  deposit  (on  the  left)  and 
the  valley  floor  along  Wild  Boy 
Run. 
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The  most  apparent  geologic 
factor  affecting  slope  stability  is  the 
nature  of  the  bedrock.  The  strength 
of  unweathered  rock,  porosity  and 
permeability,  susceptibility  to  weath- 
ering, and  characteristic  weathering 
products  can  all  be  related  to  li- 
thology. All  of  the  rocks  exposed  in 
the  Williamsport  map  area  are  sedimentary.  Shales  and 
claystones  are  relatively  weak  and  impermeable  and 
weather  to  produce  clays.  Sandstones  are  generally 
strong  and  permeable,  although  both  of  these  charac- 
teristics depend  on  the  degree  of  cementing  and  frac- 
turing of  the  rock.  Paradoxically,  it  is  the  relative  re- 
sistance of  sandstones  that  allows  the  development  of 
steep  cliffs  and  cuts  that  can  be  prone  to  rockfalls. 
More  important  than  the  rock  type  of  any  individual 
bed  is  the  arrangement  of  different  lithologies.  Where 
an  otherwise  strong,  massive  sandstone  is  underlain 
by  easily  weathered  shale,  an  undercut  condition  can 
develop,  possibly  leading  to  failure.  A single  thin  shale 
layer  can  limit  water  movement  through  more  perme- 
able rock  and  trigger  failure  of  a large  section  of  slope. 

Sedimentary  structural  features  that  can  affect 
landslide  potential  include  bedding  thickness  and  regu- 
larity, changes  in  attitude  due  to  large-scale  cross- 
bedding, channel  structures  or  other  erosion  surfaces, 
and  postdepositional  compaction  features.  Vertical  or 
lateral  variations  in  grain  size  or  mineral  composition 
can  cause  variations  in  weathering  characteristics  and 
groundwater  movement,  thereby  affecting  stability. 
Most  of  these  factors  are  localized  and  can  only  be 
determined  by  detailed  field  investigation  of  a spe- 
cific site.  Mappable  rock  units  (formations),  however, 
tend  to  have  similar  characteristics  over  a fairly  large 
area  and  allow  generalized  predictions  about  the  like- 
lihood of  landslide  problems  to  be  made,  based  on  geo- 
logical mapping. 

The  distribution  of  various  types  of  landslides  in 
the  Williamsport  map  area  for  each  bedrock  unit  is 
shown  in  Figure  76.  Because  many  slides  originating 
near  formation  boundaries  are  large  enough  to  involve 
rocks  of  two  different  map  units,  these  transition  zones 


FACTORS  THAT  AFFECT 
LANDSLIDING 

Every  landslide  is  caused  by  a number  of  factors 
acting  in  combination  to  either  increase  effective  shear 
stress  or  decrease  resistance  to  shear  on  a slope.  Al- 
though most  factors  affecting  the  stability  of  a slope  are 
interrelated,  they  can  be  divided  into  four  main  cate- 
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Figure  66.  Location  of  the  Hunlock  Creek  debris 
flow  on  the  Nonticoke  quadrangle. 
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Figure  65.  Photograph  of  the 
Kettle  Creek  slide  from  across  the 
road. 


gories:  geology,  topography,  water, 
and  human  activity. 

GEOLOGY 

Bedrock 
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Figure  67.  Sketch  map,  longitudinal  section,  and  cross  sections  of  the  Hunlock  Creek  debris  flow. 


were  treated  as  separate  units  in  the  landslide  analy- 
sis. As  pointed  out  by  Lessing  and  others  (1983)  in 
their  discussion  of  a detailed  statistical  correlation  of 
12  landslide  factors,  frequency  histograms  can  be 
misleading  unless  they  are  considered  in  light  of  the 
areal  distribution  of  the  factors.  The  bedrock  units  in 
the  Williamsport  area  most  strongly  associated  with 
landslide  occurrences  are  the  Huntley  Mountain,  Cats- 


kill,  and  Lock  Haven  Formations  and  the  transitions 
between  them.  These  rocks  underlie  85.8  percent  of 
the  total  number  of  slides.  If  this  figure  is  divided  by 
the  percentage  of  area  occupied  by  the  three  forma- 
tions, 64.3  percent,  the  result  suggests  that  1.33  times 
as  many  slides  occur  on  these  units  as  would  occur  if 
bedrock  geology  was  not  a controlling  factor  in  slide 
distribution.  Because  the  data-collection  methods  are 
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Figure  68.  The  head-scarp  area  of  the  Hunlock 
Creek  debris  flow  showing  glaciofluvial  sand  and 
gravel  in  the  upper  section.  The  upper  part  of  the 
debris  fan  and  incised  channel  are  visible  in  the 
foreground. 

not  statistically  equivalent  over  all  parts  of  the  study 
area,  the  type  of  analysis  used  by  Lessing  and  others 
(1983)  was  not  attempted  here. 

It  is,  however,  useful  to  consider  the  areal  dis- 
tribution of  bedrock  when  looking  at  the  distribution 
of  landslides.  Planimeter  measurements  from  the  Geo- 
logic Map  of  Pennsylvania  (Berg  and  others,  1980) 
yielded  the  results  summarized  in  Figure  77.  For  de- 
bris avalanches  and  debris  flows,  many  of  which  occur 
in  the  deeply  incised  valleys  in  the  Appalachian  Pla- 
teau, the  Huntley  Mountain  and  Catskill  Formations 
appear  to  be  the  most  susceptible  units.  Debris  slides 
show  an  apparent  bias  toward  occurring  in  the  Cats- 
kill and  Huntley  Mountain  Formations.  The  Huntley 
Mountain  Formation  and  the  Mississippian  sandstones 
seem  to  be  involved  in  a disproportionate  number  of 
rockfalls  and  rockslides.  The  strong  association  of 
slumps  and  slump-earthflows  with  the  Lock  Haven, 
and  to  a lesser  degree,  the  Catskill,  is  probably  a re- 
flection of  the  coincident  distribution  of  glacial  de- 
posits over  these  bedrock  units,  since  most  slumps  and 
slump-earthflows  are  in  tills  and  glacial-lake  clays. 


Bedrock  geology  influences  till  composition,  and  so 
should  not  be  entirely  dismissed  here,  however.  The 
Catskill  and  Huntley  Mountain  Formations  again  ap- 
pear to  be  the  primary  bedrock  units  involved  in  com- 
posite landslides. 

The  specific  characteristics  of  these  units  that 
cause  landslides  have  not  been  identified  with  certain- 
ty, but  they  are  believed  to  be  related  to  the  high  pro- 
portion of  red  shale  and  claystone  in  parts  of  the  Hunt- 
ley  Mountain  and  Catskill  Formations,  and  to  the  ar- 
rangement of  sandstone  and  shale  interbeds. 

Structure 

A second  important  category  of  geological  fac- 
tors affecting  landsliding  includes  those  related  to  struc- 
tural feamres  of  the  rocks,  including  joints,  folds,  and 
faults.  Joints  are  fracmres  in  rock.  They  may  be  verti- 
cal, horizontal,  or  at  any  orientation  in  between,  and 
may  have  any  orientation  relative  to  bedding.  Joints  gen- 
erally occur  in  more  or  less  parallel  sets,  and  several 
intersecting  sets  are  commonly  present.  The  spacing 
and  orientation  of  joints  are  controlled  by  the  patterns 


Figure  69.  View  down  from  the  head  scarp  across 
the  gully  and  debris  fan  of  the  Hunlock  Creek  de- 
bris flow. 
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Figure  70.  Debris  fan  at  Hunlock 
Creek,  looking  upslope  from  U.S. 
Route  1 1 across  the  apex  of  the 
fan  to  the  scarp  area. 


of  deforniational  forces  acting  on  the 
rock  mass.  Joints  are  most  important 
to  landsliding  as  discontinuities  along 
which  blocks  of  rock  can  separate  from 
the  main  rock  mass.  They  also  act  as 
pathways  for  groundwater  flow  and 
associated  increased  weathering. 

The  presence  of  folds  in  rock 
strata  affects  landslide  potential  in 
several  ways.  The  inclined  attitude  of 
bedding  in  folded  rocks  is  usually 
obvious,  and  inclined  bedding  planes 
are  probably  the  most  common  fail- 
ure surfaces  in  bedrock  slides.  The 
orientation  of  bedding  planes  and  joint  surfaces  con- 
trols groundwater-flow  patterns  in  ways  that  can  either 
increase  or  reduce  stability.  Folds  are  also  important 


because  of  the  way  the  pattern  of  deformational  forces 
affects  joint  formation.  Joints  tend  to  be  more  intensely 
developed  along  the  axial  planes  of  folds,  leading  to 
weaker  zones  of  closely-spaced  fractures  there. 

Faults  are  fractures  in  rock  along  which  move- 
ment has  occurred.  The  zone  around  the  surface  of 
movement  is  generally  much  more  intensely  fractured 
than  the  surrounding  rock.  The  combined  effects  of 
shearing  motion  along  the  fault  and  increased  weath- 
ering in  the  zone  of  fracturing  frequently  lead  to  de- 
velopment of  a major  zone  of  weakness  along  a fault. 
Faulting  occurs  on  large,  intermediate,  and  small  scales, 
and  identification  and  mapping  of  fault  zones  can  be  an 
important  part  of  identification  of  landslide-risk  areas. 

In  considering  the  stability  of  bedrock  slopes,  the 
most  important  factor  is  the  nature  and  orientation  of 
any  discontinuities,  including  joints,  bedding  planes, 
faults,  or  other  surfaces  of  potential  failure.  If  a fault 
surface  is  smooth  and  polished  from  earlier  move- 
ment, it  is  less  resistant  than  an  irregular,  wavy  joint 
surface.  A thin,  even  layer  of  weathered  shale  between 
two  massive  sandstone  beds  is  more  likely  to  act  as  a 
slide  plane  than  a sandstone  contact  without  the  in- 
terbed. Bedrock  having  many  closely  spaced  joints  is 
weaker  than  a similar  unit  having  fewer  fractures. 
The  orientation  of  discontinuities  relative  to  the  hill- 
slope  is  critical.  Horizontal  bedding  is  generally  fairly 
stable,  but  a gentle  dip  out  of  the  slope  can  greatly 
reduce  the  stability.  Combinations  of  fractures  and  bed- 
ding orientations  can  lead  to  very  serious  rockfalls  and 
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Figure  7 1 . Location  of  the  Nescopeck  debris  ava- 
lanche on  the  Berwick  quadrangle. 
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Figure  72.  Sketch  map  of  the  Nescopeck  debris 
avalanche  (from  Inners  and  Wilshusen,  1983, 
p.  13). 

wedge-failure-type  rockslides  (see  Figure  13).  Bed- 
ding and  joints  that  are  interconnected  and  dip  out  of 
a slope  may  allow  excess  water  to  drain  from  perme- 
able rocks,  thereby  increasing  stability,  or  the  same 
structural  situation  may  lead  to  increased  weathering 
of  shaly  rocks,  producing  more  clay  along  a potential 
slide  plane.  Discontinuities  that  are  interconnected 
but  do  not  allow  for  free  drainage  can  lead  to  a local 
increase  of  water  pressure,  decreasing  the  stability. 

Surficial  Geology 

The  final  type  of  geological  factor  affecting  land- 
sliding  is  the  namre  of  the  surficial  deposits  or  uncon- 
solidated material  overlying  the  bedrock.  Surficial  de- 
posits include  material  derived  from  weathering  of 
bedrock  but  still  in  place,  material  moved  a short  dis- 
tance downslope  by  soil  creep  or  similar  processes, 
and  sediments  transported  significant  distances  from 
their  source  by  water  or  glacial  ice.  The  composition 
of  all  these  materials  is  related  to  the  composition  of 
the  bedrock  from  which  they  are  derived.  Transport 


for  great  distances  or  long  exposure  to  soil-forming 
processes  can  winnow  out  fine-grained  sediments  from 
gravel  or  develop  zones  of  leaching  and  enrichment 
of  clays  and  soluble  minerals.  Surficial  deposits  are 
less  likely  to  be  affected  by  structural  deformation 
than  is  bedrock,  but  the  existence  of  discontinuities 
within  a mass  of  sediment  can  have  similar  effects  on 
stability.  Bedding  planes  and  depositional  contacts  are 
common  failure  surfaces,  as  are  the  contacts  between 
residual  or  colluvial  soils  and  relatively  unweathered 
bedrock. 

Water  affects  different  unconsolidated  sediments 
in  different  ways  and  to  varying  degrees.  Loose  sand 
becomes  more  stable  when  it  is  moistened  but  loses 
its  resistance  to  sliding  with  the  addition  of  more  water. 
Clays  generally  undergo  a decrease  in  shear  strength 
as  their  water  content  increases,  and  smectite  and  some 
other  clay  minerals  also  swell  when  wet,  reducing  sta- 
bility even  further.  Minor  changes  in  the  chemistry  of 
clay/water  systems  can  have  large  effects  on  their 
strength  and  stability  (Fisher  and  others,  1968). 

The  behavior  of  mixtures  of  clay,  silt,  sand,  and 
gravel  depends  on  the  proportions  and  distributions  of 
the  components.  Laminated  clays  deposited  in  glacially 
dammed  lakes  cause  many  landslide  problems,  whether 
they  are  at  the  surface  or  buried  under  thick  deposits 
of  later  sediments.  Lake  clays  are  common  in  some  of 
the  valleys  within  the  glaciated  part  of  the  study  area, 
but  exposures  are  discontinuous  and  the  extent  and 
thickness  of  the  deposits  are  not  known  in  detail.  Maps 
of  geomorphic  features  and  glacial  deposits  in  the  Cow- 
anesque  River  valley  (Coates,  1966)  illustrate  the  com- 
plexity typical  of  some  of  these  materials.  Lacustrine 
clays  are  known  from  the  valleys  of  the  Cowanesque 
and  Tioga  Rivers,  the  main  branch  of  the  Susquehanna 
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Figure  73.  Cross  section  of  the  Nescopeck  debris 
avalanche. 
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River,  and  their  tributary  streams  (Willard,  1932; 
Denny  and  Lyford,  1963;  and  Coates,  1966). 

Clay-rich  glacial  tills  are  involved  in  about  19 
percent  of  the  slides  for  which  surficial  materials  were 
identified.  Tills  seem  to  be  more  of  a problem  where 
they  are  thick  and  where  they  have  been  disturbed  by 
road  building  or  other  human  activity.  Glacial  deltas, 
kames,  kame  terraces,  and  other  deposits  formed  by 
flowing  water  associated  with  glaciers  occur  through- 
out much  of  the  area  but  can  be  so  internally  variable 
that  it  is  difficult  to  generalize  about  their  suscepti- 
bility to  landsliding.  Where  they  contain  large  amounts 
of  clay  or  silt,  or  are  in  an  unfavorable  setting  rela- 
tive to  other  factors,  these  glaciofluvial  deposits  can 
be  very  prone  to  landsliding.  Thickness  and  distribu- 
tion of  glacial  deposits  are  partially  controlled  by  pre- 
glacial topography.  In  a study  of  landslide  potential 
near  the  Tioga  and  Hammond  Dams,  Gilbert  Associ- 
ates (1979,  p.  3)  found  that  “buried  pre-glacial  val- 
leys and  deep  bedrock  gorges  now  filled  with  thick 
glacial  and  colluvial  deposits  which  are  behind  the 
present  valley  walls  were  determined  to  be  the  most 
susceptible  to  landsliding.”  Because  the  distribution 


Figure  75.  Distribution  of  inventoried  landslides  by 
landslide  type.  DA,  debris  avalanches;  DS,  debris 
slides;  DF,  debris  flows;  RF/RS,  rockfalls  and  rock- 
slides;  S,  slumps;  S-EF,  slump-earthflows;  C,  com- 
posite or  unknown  slides;  number  within  bar,  num- 
ber of  landslides  for  each  type;  number  above  bar, 
percentage  of  landslides  for  each  type. 


Figure  74.  Photograph  of  the  Nescopeck  de- 
bris avalanche  from  below. 


of  these  deposits  is  difficult  to  determine  or  map  on 
a regional  scale,  it  is  safer  to  treat  areas  where 
these  units  occur  as  slide  prone  until  detailed  in- 
formation indicates  otherwise. 

Nearly  all  of  the  slopes  in  the  unglaciated 
portion  of  the  area,  and  many  within  the  glacial 
border,  are  covered  with  colluvium.  This  material 
is  unsorted  and  derived  from  the  bedrock  or  older 
surficial  deposits.  Its  texture  ranges  from  silty  clay 
loam  having  only  a few  rock  fragments  to  mix- 
tures of  angular  rock  fragments  having  very  little 
matrix  (Denny  and  Lyford,  1963).  The  coarse, 
rubbly  colluvium  is  generally  derived  from  mas- 
sive sandstones  in  areas  of  high  relief,  such  as  the 
Mississippian  and  Pennsylvanian  sandstones  in  the 
Appalachian  Plateaus  province  (see  Table  3)  or  the 
Tuscarora  sandstone  in  the  Ridge  and  Valley  prov- 
ince. Colluvium  developed  on  shales  and  siltstones 
may  be  made  up  of  distinct  rock  fragments  or  may 
have  weathered  to  clay  and  silt.  On  the  inter- 
bedded  sandstones,  siltstones,  and  shales  of  the  Cats- 
kill  and  Huntley  Mountain  Formations,  colluvium  typi- 
cally consists  of  medium  to  large  fragments  of  sand- 
stone in  a matrix  of  deeply  weathered,  fine-grained 
material. 

The  thickness  of  colluvial  deposits  in  the  study 
area  ranges  from  very  thin  to  several  tens  of  feet  thick. 
Deposits  generally  are  wedge  shaped,  and  the  great- 
est thicknesses  are  on  the  lower  slopes.  Very  thick 
colluvial  deposits  are  typically  developed  on  slopes 
of  high  relief  within  about  ten  miles  of  the  border  of 
Pleistocene  glacial  activity.  Much  of  this  colluvium 
is  believed  to  have  developed  due  to  the  intense  peri- 
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glacial  weathering  conditions  associated  with  the  Wis- 
consinan  glacial  stage  and  primarily  resulted  from 
mass  movement  during  deglaciation.  These  deposits 
have  different  characteristics  depending  on  their  geo- 
logic and  topographic  situation.  One  type  of  setting 
is  illustrated  by  a site  on  Bald  Eagle  Mountain,  south- 
east of  Lock  Haven  (see  Figure  5).  High  on  the  north 
face  of  the  mountain  is  a stable  boulder  field  of  Tus- 


carora  sandstone  boulders.  On  the  lower  slope  below 
the  boulder  field  are  thick  deposits  of  colluvium  rest- 
ing on  older  deposits  that  may  be  pre-Wisconsinan 
tills.  The  surface  form  of  the  colluvial  deposits  sug- 
gests that  they  are  very  old  landslide  deposits  and  may 
be  related  to  the  boulder  field  above  them  (Figure 
37).  The  boulder  field  is  considered  to  have  devel- 
oped under  periglacial  conditions.  Highway  construc- 
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Figure  76.  Frequency  distribution  of  landslides  by  bedrock  geology  for  each  landslide  type.  Some  bed- 
rock units  from  Berg  and  others  (1980)  and  Table  3 are  grouped  for  ease  of  handling. 
B Pennsylvanian-age  sandstones — Llewellyn  and  Pottsville  Formations;  P-M,  rocks  near  the 
Pennsylvanian/Mississippian  transition,  mostly  sandstone  and  minor  shale;  M,  Mississippian — 
Mauch  Chunk  Formation,  Burgoon  Sandstone,  and  Pocono  Formation;  M-MD,  rocks  near  the 
contact  between  the  Burgoon  Sandstone  and  the  Huntley  Mountain  Formation  or  Rockwell 
Formation;  MDhm,  Huntley  Mountain  Formation;  MDhm-Dck,  rocks  spanning  the  transition 
between  the  Huntley  Mountain  and  Catskill  Formations;  Dck,  Catskill  Formation;  Dck-Dlh, 
rocks  spanning  the  contact  between  the  Catskill  and  Lock  Haven  Formations;  DIh,  Lock 
Haven  Formation;  other  D,  other  Devonian-age  rocks,  mostly  siltstone  and  shale;  D-S,  rocks 
spanning  the  Devonian-Silurian  transition,  mostly  limestones  and  shales;  Sc,  Clinton  Group 
and  its  upper  and  lower  transition  zones;  St,  Tuscarora  Formation;  O,  various  units  of  Or- 
dovician age. 
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Figure  77.  Percentages  of  the  area  of  the  Wil- 
liamsport 1-  by  2-degree  quadrangle  underlain 
by  the  bedrock  units  most  associated  with  land- 
slides. Map  units  younger  than  the  Huntley  Moun- 
tain Formation  and  older  than  the  Lock  Haven 
Formation  are  grouped.  MDhm,  Huntley  Moun- 
tain Formation;  Dck,  Catskill  Formation;  DIh,  Lock 
Haven  Formation. 

tion  for  the  Lock  Haven  bypass  cut  into  the  colluvial 
slope  and  resulted  in  very  costly  landslide  problems. 

Another  typical  colluvial  setting  related  to  peri- 
glacial  activity  in  the  study  area  is  that  of  the  relict 
debris  flows  described  by  Pomeroy  (1983,  1986)  in  the 
Warren  1-  by  2-degree  quadrangle  to  the  west.  Large 
debris  flows  in  sandstone  and  shale  colluvium  occur 
on  moderately  steep  slopes  having  high  relief.  Simi- 
lar debris  flows  occur  in  the  Williamsport  quadrangle, 
especially  in  the  western  portion,  in  the  Deep  Valleys 
section  (see  detailed  information  concerning  one  of 
these  debris  flows  near  Conrad  on  p.  40-41).  New 
debris  flows  of  this  magnitude  are  not  likely  to  occur 
under  the  present  climatic  conditions,  but  the  old  land- 
slide deposits  can  be  unstable  if  they  are  disturbed. 
The  concavo-convex  landforms  described  by  King  and 
Coates  (1973)  in  the  Susquehanna  Great  Bend  area, 
northeast  and  east  of  the  Williamsport  quadrangle, 
may  represent  roughly  analogous  activity  in  glaciated 
terrain. 

The  colluvial  deposits  on  most  slopes  are  thin- 
ner than  the  deposits  in  these  extreme  examples,  rang- 
ing up  to  several  feet  thick.  Where  other  factors,  such 
as  steepness,  construction  activity,  or  the  presence  of 


water,  combine  to  reduce  stability,  these  colluvial  slopes 
are  especially  prone  to  debris  slides,  flows,  and  ava- 
lanches. 

A special  category  of  colluvial  deposits  is  old 
slump  and  slide  deposits.  Simple  logic  suggests  that 
after  a slope  has  failed  by  landsliding,  the  forces  driv- 
ing the  slide  should  be  reduced,  and  the  slope  should 
be  relatively  stable.  This  is  only  sometimes  true.  Once 
shear  failure  occurs  in  most  clay-rich  soils,  the  mate- 
rial along  the  planes  of  slippage  is  significantly  weaker 
than  the  original  soil  mass.  Only  minor  changes  in 
loading  or  water  conditions  are  required  to  reactivate 
the  slide  in  these  situations. 

The  quality  of  information  on  the  distribution  of 
types  of  surficial  material  varies  within  the  Williams- 
port quadrangle.  For  some  areas,  detailed  surficial 
geological  maps  are  available,  while  for  others,  only 
reconnaissance  surficial  mapping  has  been  done.  Sev- 
eral workers  (Ott,  1979)  have  attempted  to  correlate 
landslide  potential  with  map  units  from  the  U.S.  De- 
partment of  Agriculture  soil  survey  maps.  This  meth- 
odology appears  to  be  a useful  approach  for  small 
areas,  but  the  wide  variety  of  named  soil  series  over 
an  area  as  large  and  varied  as  the  Williamsport  map 
area,  and  the  lack  of  continuity  between  soil  surveys 
of  different  counties,  which  were  prepared  at  differ- 
ent times,  made  examining  soil  types  an  unmanage- 
able task  for  this  project.  However,  soils  maps  can  be 
useful  in  the  preliminary  identification  of  some  types 
of  surficial  deposits.  In  Tioga  County,  for  example, 
areas  mapped  as  “Volusia  silt  loam  with  silty  sub- 
stratum” can  be  correlated  with  areas  showing  slope 
failures  in  glacial-lake  clays. 

The  distribution  of  landslides  by  surficial  mate- 
rial is  shown  in  Figure  78.  The  large  “unknown”  col- 
umn in  each  graph  reflects  the  gaps  in  information 
concerning  the  distribution  of  surficial  deposits  in  the 
area.  Debris  avalanches  and  debris  flows  occur  almost 
exclusively  in  colluvium  and  boulder  colluvium.  De- 
bris slides  typically  involve  these  materials,  but  also 
occur  in  till,  other  glacial  deposits,  rock,  and  fill  or 
mine  spoil.  Rockfalls  and  rockslides  by  definition  in- 
volve in-place  rock,  but  a number  of  slides  also  in- 
volve overlying  colluvium  or  boulder  colluvium.  Slumps 
and  slump-earthflows  develop  primarily  in  glacial  de- 
posits. Glacial-lake  clays  are  the  most  common  me- 
dium for  slumps,  which  typically  occur  along  stream 
banks,  where  erosion  at  the  toe  can  cause  progressive 
failure.  Till,  other  glacial  deposits,  and  colluvium  ac- 
count for  the  rest  of  the  slumps  and  most  of  the  slump- 
earthflows.  The  similarity  of  the  graphs  for  compos- 
ite slides  and  the  total  of  all  slides  suggests  that  the 
composite  category  represents  a fairly  even  contribu- 
tion from  all  the  basic  types. 
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Figure  78.  Frequency  distribution  of  landslides  by  surficial  material  for  each  landslide  type.  C,  colluvium; 

be,  boulder  colluvium;  t,  till;  Ic,  glacial-lake  clay;  g,  other  glacial  deposits  (kames,  deltas,  and 
outwash);  r,  rock  having  thin  or  no  cover;  f,  artificial  fill  or  mine  refuse;  u,  unknown  or  other. 


TOPOGRAPHY 

Characteristics  of  the  shape  of  the  land  surface 
constitute  the  next  major  category  of  factors  affecting 
landslide  potential.  That  steeper  slopes  should  be 
more  susceptible  to  sliding  seems  obvious,  but  this  is 
true  only  for  slopes  developed  on  the  same  materials. 
Strength  and  resistance  of  bedrock  and  soils  to  sliding 
are  critical  factors  in  the  development  of  slopes,  and 
materials  vary  in  their  capability  to  support  a steep 
slope.  A grade  of  30  percent  (30  feet  of  vertical  change 
in  100  feet  horizontally)  is  quite  steep  for  clay-rich  un- 
consolidated material,  but  not  particularly  so  for  sand- 
stone bedrock  having  thin  residual  soil. 

Within  the  Williamsport  quadrangle,  landslide 
types  can  be  divided  into  three  groups  based  on  the 
distribution  of  slope  steepness.  Figure  79  shows  fre- 
quency distributions  of  numbers  of  slides  by  slope 
steepness  for  each  slide  type.  Rockfalls  and  rockslides 
are  most  likely  to  occur  on  the  steepest  slopes;  about 
50  percent  occur  on  slopes  steeper  than  50-percent 


grade  and  none  occur  on  slopes  gentler  than  20  per- 
cent. Debris  avalanches  and  debris  slides  comprise 
the  next  group,  and  most  of  these  slides  (82  percent 
of  debris  avalanches  and  66  percent  of  debris  slides) 
occur  on  moderately  steep  slopes,  between  20  and  70 
percent  grade.  Slumps,  slump-earthflow  combinations, 
and  debris  flows  are  most  abundant  on  fairly  gentle 
slopes;  about  three  quarters  of  them  occur  on  slopes 
of  less  than  30  percent.  These  differences  reflect  the 
nature  and  distribution  of  the  materials  involved  in  the 
slides.  Most  slumps  and  slump-earthflows  involve 
glacial-lake  clays,  tills,  and  other  glacial  deposits  that 
are  associated  with  gentle  to  moderate  slopes.  Most 
debris  flows  are  old,  large  feamres  and  the  flows  them- 
selves are  generally  partly  responsible  for  the  gentle 
slope.  The  slides  on  moderate  slopes  typically  involve 
colluvium,  boulder  colluvium,  or  till,  whereas  the  steep 
slope  failures  are  more  likely  to  be  in  bedrock,  residual 
soils,  or  boulder  colluvium. 

Winters  (1972)  found  that  the  position  of  a sus- 
ceptible rock  unit  on  a slope  affected  the  potential 
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Figure  79. 


Frequency  distribution  of  landslides  by  percent  slope  for  each  landslide  type.  The  area  of 
each  wedge,  not  its  radius,  is  proportional  to  the  number  of  slides. 


stability  of  the  slope.  He  suggested  that  the  greater 
availability  of  groundwater  and  the  effects  of  loading 
by  thicker  overburden  are  factors  in  making  the  lower 
portions  of  a slope  less  stable.  Pomeroy  (1982a)  sug- 
gested that  this  component  might  be  important  in  parts 
of  Allegheny  and  Beaver  Counties,  where  most  land- 
slides take  place  on  lower  slopes.  The  lower  slopes  are 
commonly  sites  of  thick  colluvial  deposits,  including 
old  landslides. 

The  direction  in  which  a slope  faces  (the  azi- 
muth or  aspect)  is  a factor  that  can  affect  landsliding 
potential  in  several  ways.  Pomeroy  (1982a)  found  more 
slides  on  north-  and  east-facing  slopes  than  on  those 
facing  south  and  west  in  Washington  County,  Pa.  A 
number  of  workers  have  found  preferred  orientations 
in  a variety  of  landslide  areas  (see  Pomeroy,  1982a  and 


1982b,  for  Pennsylvania  examples).  The  most  com- 
monly suggested  nonstructural  reason  for  preferred 
orientation  of  landslides  is  differences  in  soil-moisture 
conditions  due  to  differing  intensities  of  exposure  to 
sun.  North-  and  east-facing  slopes  receive  less  effec- 
tive insolation  and  tend  to  stay  wet  longer.  Snow  cover 
remains  longer  for  the  same  reason.  Variation  in  the 
number  and  intensity  of  freeze-thaw  cycles  might  cause 
a preferred  orientation  by  affecting  the  development  of 
fracturing  on  rock  faces,  or  by  allowing  more  rapid  de- 
velopment of  thicker  colluvium.  Slope  steepness  com- 
monly varies  with  orientation.  Asymmetrical  valleys 
having  steeper  north-facing  slopes  have  been  described 
in  a number  of  areas  (Pomeroy,  1982b). 

The  distribution  of  surficial  deposits  can  also  be 
affected  by  slope  orientation  in  ways  not  related  to  in- 
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solation.  Coates  (1974)  described  several  of  these  from 
New  York  State,  including  “till  shadow  hills”  formed 
by  southward  ice  movement,  where  thick  till  deposits 
are  found  on  south-facing  slopes  and  only  thin  tills 
on  the  steeper  north-facing  slopes.  He  also  suggested 
that,  because  of  patterns  of  ice  movement  and  lake 
damming,  fine-grained  sediments  are  more  common 
on  north-facing  valley  sides. 

In  the  Williamsport  map  area,  however,  evidence 
suggests  that  slope  azimuth  is  not  a major  factor  in 
determining  slope  stability.  Circular  frequency  dia- 
grams of  slope  azimuth  for  each  slide  type  are  shown 
in  Figure  80.  Simple  statistical  tests  show  that  only 
the  distribution  of  azimuths  for  debris  avalanches  de- 
parts significantly  from  a normal  circular  distribution. 
Debris  avalanches  do  seem  to  occur  preferentially  on 
north-facing  slopes.  No  preference  is  apparent  for  the 
other  slide  types,  or  for  the  total  sample  of  landslides 
over  the  whole  quadrangle. 

The  final  topographic  feature  affecting  landslide 
susceptibility  is  the  configuration  or  lateral  curvature  of 
a slope.  Concave  slopes  have  been  recognized  as  sites 
of  likely  landslide  occurrence  in  the  Appalachian  region 
and  elsewhere  (Lessing  and  others,  1976;  Pomeroy, 
1982a).  Topographic  hollows,  locally  termed  “coves” 
or  “bowls,”  tend  to  concentrate  both  surface  water  and 
groundwater  flow  and  also  tend  to  have  thicker  accu- 
mulations of  colluvium.  No  formal  data  on  slope  con- 
figuration in  the  Williamsport  area  were  collected, 
but  the  general  rule  of  high  correlation  between  land- 
slides and  concave  slopes  appears  valid  for  the  study 
area. 

WATER 

Of  the  factors  affecting  slope  stability,  water  is 
probably  most  often  cited  as  the  immediate,  or  trig- 
ger, cause.  Water  conditions  vary  more  over  time  than 
most  other  factors  and  are  involved  in  a very  high 
proportion  of  all  landslides.  Heavy  precipitation  is 
commonly  a factor  in  landsliding,  but  groundwater 
conditions  and  surface-water  flow  also  affect  slope 
stability.  Both  intense  short-period  precipitation  and 
extended  periods  of  greater-than-normal  rainfall  af- 
fect landsliding. 

Much  of  the  rainfall  in  the  Williamsport  area 
comes  in  brief  but  intense  showers  and  thunderstorms. 
Extreme  precipitation  events  are  rare  but  do  occur. 
The  heaviest  known  rainfall  from  a single  storm  in 
the  area  was  in  July  1942  in  Potter,  Cameron,  Elk, 
and  McKean  Counties  and  adjacent  parts  of  New  York 
State.  During  this  storm,  more  than  30  inches  of  rain 
fell  in  several  areas  and  more  than  10  inches  fell  over 
an  area  of  approximately  2,000  square  miles  (Eisen- 
lohr,  1952).  Many  landslides  were  observed  after  this 


storm,  including  one  along  Kettle  Creek  described  as 
about  a mile  long  and  a quarter  of  a mile  wide  at  the 
toe.  An  unusual  amount  of  landslide  activity  was  noted 
after  the  heavy  rains  associated  with  tropical  storm 
Agnes  in  June  1972.  Rainfall  totals  for  a four-day 
period  during  this  storm  ranged  from  about  6 to  16 
inches  in  north-central  Pennsylvania  (Bailey  and  oth- 
ers, 1975).  The  effects  of  major  rainfalls  are  not  always 
immediate.  In  south-central  New  York,  deep-seated 
landslides  attributed  to  tropical  storm  Agnes  gener- 
ally occurred  a year  or  more  after  the  storm  (Dwight 
Sangrey,  oral  communication,  1984),  although  the  shal- 
low, surficial  slides  and  debris  avalanches  more  typi- 
cally associated  with  rainfall  usually  occur  during  or 
soon  after  a storm.  In  May  1978,  during  an  intense 
thunderstorm,  a debris  avalanche  near  Torbert,  Ly- 
coming County,  flowed  rapidly  down  the  mountain- 
side and  damaged  a house  in  the  valley  (for  more  de- 
tailed information,  see  p.  28-30).  Many  similar  debris 
avalanches  are  apparently  related  to  rainfall,  but  few 
were  actually  observed  in  motion. 

Rainfall  need  not  come  in  a single  great  storm 
to  affect  slope  stability.  Extended  periods  of  wetter 
than  normal  weather,  or  normal  seasonal  variations  in 
precipitation  or  snowmelt  rates,  can  lead  to  elevated 
groundwater  levels,  increased  spring  and  seepage  ac- 
tivity, and  high  streamflows.  All  of  these  factors  can 
cause  increased  landsliding. 

Groundwater  affects  landsliding  in  a number  of 
ways.  The  shear  strength  of  most  soils  and  some  rocks 
is  closely  related  to  their  water  content.  Increasing 
the  water  content  of  a clay-rich  soil  reduces  its  strength, 
allowing  it  to  behave  plastically,  and  eventually,  as  a 
fluid.  Another  factor  is  that  with  continued  exposure 
to  water,  clays  and  other  minerals  can  undergo  chemi- 
cal changes.  These  weathering  processes  generally 
result  in  a decrease  in  strength.  Both  water  content 
and  weathering  are  partially  controlled  by  the  amount 
of  water  that  can  move  through  the  soil  or  rock.  There- 
fore, the  presence  of  permeable  zones  and  fracture 
and  bedding-plane  openings  can  affect  water  condi- 
tions. 

Another  way  in  which  groundwater  can  act  to 
decrease  shearing  resistance  of  a slope  is  through  the 
effects  of  excess  pore  pressure.  The  water  pressure  in 
saturated  soil  or  in  rock  can  be  increased  due  to  a high 
water  table,  loading  by  overlying  material,  or  other 
causes.  The  increased  water  pressure  reduces  the  ef- 
fective forces  at  grain-to-grain  contacts,  reducing  the 
internal  friction  and  the  shear  strength  of  the  material. 

Groundwater  can  also  affect  landsliding  by  in- 
creasing the  stresses  tending  to  cause  sliding.  The  dif- 
ference in  weight  between  saturated  soil  and  drained 
soil  can  be  enough  to  trigger  movement.  Excess  pore- 
water  pressure  acting  behind  the  head  area  of  an  in- 
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cipient  slide  increases  internal  pressure  and  tends  to 
cause  movement,  as  does  the  pressure  of  ice  freezing 
in  rock  discontinuities  and  widening  the  fractures.  The 
weathering  and  erosional  effects  of  seepage  and  sap- 
ping by  groundwater  and  soil  water  are  also  important. 
Grain-by-grain  erosion  of  sediment  by  outflow  of  soil 
water  or  groundwater  from  a slope  can  cause  the  de- 
velopment of  zones  of  piping  or  notching,  which  gradu- 
ally undercuts  the  slope  and  leads  to  failure.  Seepage 
erosion  along  a spring  line  of  discharge  points  at  the 
intersection  of  the  water  table  with  a slope  can  be  a 
factor  in  continual  cliff  retreat  when  the  seepage  re- 
steepens the  cliff  after  each  failure  (Higgins,  1984). 

Surface  water  also  plays  a role  in  landsliding.  In- 
filtration of  direct  overland  runoff  of  rainfall  is  proba- 


bly the  principal  factor  in  debris  avalanches  and  other 
slides  associated  with  heavy  rainstorms.  Stream  ero- 
sion can  remove  buttressing  material  from  the  toe  of  a 
slope,  causing  large  slides  as  well  as  minor  riverbank 
slumping.  Hamel  (1983)  has  suggested  that  most  river- 
bank  erosion  may  be  caused  by  progressive  small-scale 
landsliding  rather  than  by  direct  removal  of  undisturbed 
sediment  by  flowing  water.  Many  of  the  slumps  and 
other  slides  in  unconsolidated  materials  in  the  Wil- 
liamsport area  can  be  related  to  removal  of  material 
by  stream  erosion.  Reservoirs  and  other  surface-water 
impoundments  can  cause  groundwater  levels  to  rise 
and  affect  slope  stability  over  large  areas.  Rapid  fluc- 
tuations in  water  levels  of  reservoirs  can  trigger  land- 
slides due  to  groundwater  drainage  after  drawdown. 
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Figure  80. 


Frequency  distribution  of  landslides  by  slope  azimuth  for  each  landslide  type.  The  area  of 
each  segment,  not  its  radius,  is  proportional  to  the  number  of  slides. 
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HUMAN  ACTIVITY 

The  changes  that  people  cause  to  the  land  are  the 
fourth  major  category  of  landslide  factors.  Most  of 
these  are  similar  in  mechanism  to  natural  factors  al- 
ready discussed  but  are  likely  to  differ  in  scale  and 
distribution.  Perhaps  the  most  common  way  that  peo- 
ple cause  landslides  is  by  changing  water  conditions. 
Diversion  or  blockage  of  permanent  or  intermittent 
drainage  paths  can  change  groundwater  levels  and  flow 
systems.  Clearing  of  forest  vegetation  normally  causes 
a local  rise  in  water  table  and  changes  the  rates  at 
which  rainfall  infiltrates  the  ground.  Irrigation  of  agri- 
cultural areas  or  lawns  is  believed  to  have  triggered 
slides  in  some  areas.  Trenches  for  water,  sewer,  and 
other  pipes  can  disrupt  normal  groundwater  flow  pat- 
terns, and  leaking  pipes  cause  many  slides,  especially 
in  older  urban  areas.  Failure  of  street  drains  and  other 
drains  can  also  be  a problem. 

Excavation  for  large  construction  projects  is  an- 
other common  way  in  which  people  affect  landsliding. 
Removal  of  material  at  the  toe  of  a slope  for  highway  or 
other  construction  commonly  causes  failure  of  the  re- 
maining hillside.  A very  large  slump-earthflow  oc- 
curred in  1975  due  to  excavation  for  the  Tioga  Dam  and 
associated  highway  relocation  (Wilshusen  and  Wilson, 
1981 ).  This  slide  involved  till  or  colluvium  over  a layer 
of  glacial-lake  clay.  Repair  costs  for  the  dam  abutment 
site  and  highway  were  approximately  $3.5  million. 
Cutting  the  toe  of  a slope  is  one  of  the  most  obvious 
factors  in  many  of  the  continuing  maintenance  prob- 
lems due  to  slides  and  rockfalls  along  roads  in  the 
Williamsport  area  and  elsewhere.  Placement  of  the  ex- 
cavated material  elsewhere  as  fill  can  cause  equally 
serious  problems  if  careful  attention  to  design  and  con- 
struction is  not  given.  The  additional  weight  of  fill  on 
a marginally  stable  site  can  trigger  a failure  much  larger 
than  the  fill  area,  although  failures  within  fill  mate- 
rials can  also  cause  severe  damages.  Relatively  minor 
construction  activities  can  have  large  consequences  if 
they  disrupt  normal  patterns  of  water  movement.  Plac- 
ing clay-rich  fill  over  drainage  areas  on  a hillside,  cut- 
ting roads  across  a slope,  and  diverting  drainage  from 
a paved  parking  lot  are  examples. 

The  final  major  category  of  man-made  landscape 
changes  affecting  landslide  potential  are  those  related 
to  mining.  Strip  mining  of  coal  has  left  significant 
areas  in  the  Williamsport  quadrangle  with  abandoned 
highwalls  and  piles  of  mine  waste.  As  the  rocks  weath- 
er, the  highwalls  are  increasingly  likely  sites  for  rock- 
falls  and  rockslides.  The  spoil  piles  do  not  appear  to 
have  had  extensive  landslide  problems,  but  several  in- 
stances of  landslides  were  observed,  and  caution  is 
urged  in  these  areas.  Subsidence  due  to  underground 


mining  has  been  described  as  a cause  of  landsliding 
in  western  Pennsylvania  and  other  areas.  The  authors 
are  not  aware  of  any  slides  associated  with  under- 
ground mines  in  the  Williamsport  area,  but  iron  ore, 
clay,  and  coal  have  all  been  mined  within  the  area, 
and  collapse  of  old  mine  workings  is  a potential  land- 
slide factor. 

A few  other  miscellaneous  factors  can  relate  to 
landsliding.  Earthquakes  are  well  known  to  have  acted 
as  triggers  for  landslides  in  many  areas,  including  Cali- 
fornia, Montana,  New  Zealand,  and  the  areas  around 
the  New  Madrid  fault  zone  in  Missouri  (Keefer,  1984). 
Although  earthquakes  have  been  felt  within  the  Wil- 
liamsport area,  they  have  been  of  relatively  low  inten- 
sity, and  no  correlation  with  any  landsliding  is  known. 
Vibrations  due  to  construction  activity,  weakening  of 
slope  materials  by  progressive  soil  creep,  and  actions 
of  tree  roots  and  burrowing  animals  have  been  sug- 
gested as  causes  of  landslides,  but  none  of  these  are 
known  to  be  significant  in  the  Williamsport  quadrangle. 

LANDSLIDE  SUSCEPTIBILITY 

Many  methods  of  assessing  slope  stability  and 
degrees  of  landslide  hazard  are  available.  A review  of 
the  subject  by  Vames  (1984)  covered  a number  of  these, 
ranging  from  identification  of  landslide-prone  bedrock 
units  through  statistical  methods  based  on  the  distri- 
bution and  density  of  old  slides  and  methods  based 
on  conventional  engineering  analysis  of  specific  sites. 
The  appropriateness  of  various  methods  depends  on 
factors  such  as  the  scale  of  the  final  map,  the  simi- 
larity or  variability  of  terrain  conditions  across  the 
area,  the  amount  and  distribution  of  information  on 
existing  landslides,  and  the  availability  of  supporting 
information. 

The  interpretation  of  landslide  susceptibility  shown 
on  Plate  1 is  based  on  a synthesis  of  the  results  of  the 
partial  landslide  inventory  and  published  geological 
mapping.  Information  on  the  individual  slides  dis- 
cussed under  “Occurrence”  in  the  “Landslide  Types 
and  Occurrence”  section  and  results  of  the  analysis  of 
the  inventory  data  were  used  to  determine  the  land- 
slide-related characteristics  of  various  geologic  and 
topographic  settings.  These  were  then  extended  into 
areas  with  less-complete  inventory  information. 

Landslide  susceptibility  varies  greatly  over  the 
Williamsport  quadrangle  both  in  degree  and  in  the  type 
of  landsliding  that  can  be  expected.  Plate  1 is  a map 
of  the  study  area  showing  susceptibility  to  landslid- 
ing; dots  indicate  the  locations  of  individual  identified 
slides.  Three  zones  are  delineated:  (1)  a high-suscepti- 
bility  zone.  Zone  1;  (2)  a moderate-susceptibility  zone. 
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Zone  2;  and  (3)  a low-susceptibility  zone,  Zone  3.  Be- 
cause of  variations  in  geology  and  landslide  types,  each 
susceptibility  zone  includes  areas  representing  a num- 
ber of  geologic  and  topographic  factors.  The  suscep- 
tible areas  are  summarized  below  by  zone,  and  then 
discussed  in  more  detail  for  each  section  of  the  1-  by 
2-degree  area. 

HIGH-SUSCEPTIBILITY  ZONE  (ZONE  1) 

Zone  1 designates  the  areas  most  highly  suscep- 
tible to  landslide  occurrence,  the  high-susceptibility 
zone.  The  first  category  within  this  zone  includes  the 
areas  underlain  by  glacial-lake  clays,  which  are  prone 
to  slumping  when  disturbed  by  loading  or  by  erosion 
at  the  toe.  Landsliding  in  these  areas  has  caused  prob- 
lems with  dam  construction  and  is  a continual  factor 
in  highway  maintenance.  The  valleys  of  the  Cowan- 
esque  and  Tioga  Rivers  (Figure  8)  and  their  tributaries 
have  the  largest  concentrations  of  known  occurrences, 
but  many  rivers  in  the  area  were  glacially  dammed  and 
their  valleys  may  contain  glacial-lake  clays.  Because 
of  the  lack  of  detail  in  the  known  distribution  of  clays 
and  the  scale  of  Plate  1,  many  small  areas  without 
clay  deposits  are  probably  included  within  the  high- 
susceptibility  zone. 

The  second  group  of  areas  within  the  high-sus- 
ceptibility zone  is  the  steep  valley  sides  in  the  dissected 
Deep  Valleys  and  Glaciated  High  Plateau  sections  in 
the  western  part  of  the  map  area,  which  are  underlain 
mostly  by  the  Huntley  Mountain  and  Catskill  Forma- 
tions. The  surface  materials  are  typically  thin  colluvium 
and  residual  soils.  Debris  slides,  debris  avalanches, 
rockslides,  and  rockfalls  are  the  most  common  slope- 
failure  types. 

Other  highly  susceptible  areas  are  the  steep  slopes 
along  the  Allegheny  Front  where  the  rocks  are  folded 
and  fractured;  the  northwest  side  of  Bald  Eagle  Moun- 
tain, which  has  a thick  accumulation  of  colluvium  and 
possible  pre-Wisconsinan  glacial  deposits  on  an  over- 
dip slope;  the  glaciated  dip  slopes  of  the  fold  moun- 
tains in  the  southeastemmost  portion  of  the  quadran- 
gle; and  a few  high  river  banks  along  meander  bends 
on  the  Susquehanna  River. 

MODERATE-SUSCEPTIBILITY  ZONE  (ZONE  2) 

Zone  2 designates  areas  having  moderate  sus- 
ceptibility to  landsliding,  the  moderate-susceptibility 
zone,  and  is  almost  as  varied  as  Zone  1 . The  moder- 
ately sloping  portions  of  the  Deep  Valleys  and  Glaci- 
ated High  Plateau  sections  near  the  contact  between 
the  Catskill  and  Huntley  Mountain  Formations,  and 
the  same  stratigraphic  zone  throughout  the  eastern 
part  of  the  quadrangle,  are  less  prone  to  sliding  than 


similar  but  steeper  areas  in  the  west.  The  folded  sand- 
stones and  shales  near  the  Allegheny  Front  provide 
the  setting  for  rockslides  and  debris  slides,  especially 
where  disturbed  by  excavation  for  roads  and  other  con- 
struction projects.  A number  of  stream  valleys  in  the 
northeastern  part  of  the  quadrangle  are  not  known  to 
contain  glacial-lake  clays  but  are  included  here  because 
of  significant  occurrences  of  stream-bank  slumps  and 
other  landslides.  Unreclaimed  strip-mine  and  spoil 
areas  in  Pennsylvanian-age  rocks  are  also  included  in 
Zone  2. 

LOW-SUSCEPTIBILITY  ZONE  (ZONE  3) 

The  remainder  of  the  area  of  the  quadrangle  has 
been  designated  as  Zone  3,  having  generally  low  sus- 
ceptibility to  landsliding.  This  zone  includes  the  flat 
uplands  in  the  plateau  areas,  the  flat  bottoms  of  major 
stream  valleys,  gentle  and  some  moderate  slopes  in 
the  glaciated  plateaus,  and  areas  of  carbonate  rock  in 
the  Ridge  and  Valley  province. 

AAAPUSE 

The  map  (Plate  1)  is  intended  to  be  a general 
guide  to  conditions  that  can  be  expected  in  various 
areas,  but  it  cannot  replace  detailed  site  investigations 
and  should  be  used  with  caution.  Because  of  the  scale, 
some  areas  are  too  small  to  be  shown  on  the  map, 
whereas  others  are  almost  certainly  omitted  due  to  error 
or  lack  of  detailed  knowledge  of  the  area.  The  map 
should  be  useful  to  engineers,  planners,  and  other  land 
use  decision  makers  in  identifying  areas  where  spe- 
cial care  or  further  investigation  is  needed. 

The  pattern  of  landslide  occurrences  shown  on 
Plate  1 indicates  that  there  are  more  landslides  in  the 
western  part  of  the  study  area  than  in  the  east.  Several 
geologic  and  topographic  factors  roughly  correlate  to 
the  variation  across  the  quadrangle.  The  authors  do 
not  have  adequate  evidence  to  suggest  a single  cause 
but  offer  several  possibilities.  The  most  obvious  is 
that  there  is  generally  less  relief  and  most  slopes  are 
less  steep  in  the  eastern  section.  A second  is  that  the 
apparent  decrease  in  landslide  activity  occurs  in  the 
direction  of  the  source  area  for  the  Upper  Devonian 
sediments.  Lithologic  changes  related  to  depositional 
environment,  such  as  an  increase  in  the  sand: shale 
ratio,  could  account  for  the  difference.  Third,  the  gla- 
cial history  of  the  area  may  provide  the  answer  be- 
cause the  lower  concentration  of  landslides  occurs  in 
those  parts  of  the  area  most  strongly  affected  by  Wis- 
consinan  glaciation.  Tills  can  be  expected  to  be  more 
uniform  over  a wide  area  than  colluvial  deposits  de- 
rived from  the  same  underlying  bedrock  types.  Proba- 
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bly  a combination  of  these  and  possibly  other  factors 
provides  the  explanation. 

AREA  DESCRIPTIONS 

The  following  descriptions  of  landslide  suscep- 
tibility zonation  cover  blocks  of  four  7.5-minute  quad- 
rangles, beginning  in  the  northwest  comer  of  the  map 
area.  Figure  19  is  an  index  map  of  the  7.5-minute  quad- 
rangles in  the  1-  by  2-degree  map  area. 

Ellisburg,  Ulysses,  Sweden  Valley, 
and  Brookland  Quadrangles 

The  only  high-susceptibility  area  within  these 
quadrangles  is  the  Genesee  River  valley,  which  is  re- 
ported to  contain  glacial-lake  deposits.  The  moder- 
ately susceptible  areas  are  valley  side  slopes  under- 
lain by  bedrock  of  the  Catskill  and  Huntley  Mountain 
Formations.  The  slopes  are  mantled  with  colluvium 
and  some  till  and  include  numerous  old  (late  Pleis- 
tocene?) debris  flows  that  appear  to  be  stable  unless 
disturbed. 

Harrison  Valley,  Potter  Brook,  West  Pike, 
and  Sabinsville  Quadrangles 

The  highly  susceptible  areas  in  these  quadran- 
gles include  the  upper  portion  of  the  Cowanesque  River 
basin.  Extensive  deposits  of  glacial-lake  clay  are  known 
in  this  valley  (Willard,  1932;  Coates,  1966).  The  clay 
is  discontinuous  but  also  may  occur  at  depth  below 
other  sediments.  In  the  absence  of  detailed  informa- 
tion on  clay  distribution,  the  whole  valley  below  the 
elevation  of  the  highest  known  clay  should  be  consid- 
ered highly  susceptible.  In  the  southern  quadrangles, 
steep  tributary  valleys  to  Pine  Creek  are  prone  to  de- 
bris slides  in  till  and  colluvium  derived  from  the  Cats- 
kill and  Huntley  Mountain  bedrock,  and  to  reactiva- 
tion of  very  old  debris  flows.  Glacial-lake  clays  are 
known  near  West  Pike  (Crowl  and  Sevon,  1980)  and 
probably  occur  elsewhere  in  the  valley. 

The  Zone  2 areas  here  include  the  upper  valley 
slopes  in  the  Cowanesque  drainage,  and  the  moder- 
ately steep  slopes  above  Genesee  Forks  and  the  upper 
tributaries  of  Phoenix  Run,  which  are  underlain  by 
sandstones,  siltstones,  and  shales  of  the  Catskill  and 
Huntley  Mountain  Formations. 

Knoxville,  Elkland,  Asaph,  and 
Keeney ville  Quadrangles 

The  high-susceptibility  zone  in  the  Cowanesque 
Valley  continues  east  from  the  adjoining  quadrangles. 


Glacial-lake  clays  have  caused  many  problems  in  this 
area  and  are  also  believed  to  occur  in  the  valley  of 
Crooked  Creek.  Steep  till-  and  colluvium-mantled  slopes 
in  the  southern  section  are  similar  to  those  in  adjoin- 
ing quadrangles  and  comprise  the  remainder  of  the 
high-susceptibility  zone  in  these  quadrangles. 

The  moderate-susceptibility  zone  includes  till- 
and  colluvium-covered  slopes  on  the  valley  walls  above 
Crooked  Creek.  The  upper  reaches  of  the  Crooked 
Creek  valley  are  probably  above  the  limit  of  glacial- 
lake  clays,  but  bank  slumping  indicates  moderate  sus- 
ceptibility to  sliding  of  the  material  in  the  valley. 

Tioga,  Jackson  Summit,  Crooked  Creek, 
and  Mansfield  Quadrangles 

The  valleys  of  the  Cowanesque  and  Tioga  Rivers 
and  their  tributaries  in  these  quadrangles  are  the  sites 
of  many  landslides  involving  glacial-lake  clays,  and 
make  up  the  Zone  1 portion  of  the  area.  Notable  oc- 
currences are  the  very  large  slide  that  interrupted  con- 
struction of  the  Tioga  Dam  and  associated  highway 
changes  (Wilshusen  and  Wilson,  1981),  and  the  dense 
concentration  of  old  and  recent  slumps  along  North  Elk 
Run  southwest  of  Mansfield  (Figures  18  and  54-57). 
The  filling  of  the  Tioga,  Hammond,  and  Cowanesque 
Reservoirs  does  not  seem  to  have  triggered  any  major 
landslide  problems. 

The  construction  of  U.S.  Route  15  led  to  a num- 
ber of  new  slides  in  thick  tills  on  the  upper  slopes  (Fig- 
ure 17);  these  areas  are  classified  as  having  moderate 
susceptibility  to  landsliding. 

Millerton,  Gillett,  Roseville, 
and  Troy  Quadrangles 

The  high-susceptibility  zone  is  made  up  of  areas 
underlain  by  glacial-lake  deposits  in  the  valleys  of 
Mill,  Hammond,  and  Seeley  Creeks.  The  valleys  of 
Bailey  Creek  and  the  unnamed  stream  at  Austinville, 
and  the  area  near  the  Catskill-Huntley  Mountain  con- 
tact on  the  north  slope  of  Armenia  Mountain,  make 
up  the  moderate-susceptibility  zone  for  these  quad- 
rangles. 

Bentley  Creek,  Sayre,  East  Troy, 
and  Ulster  Quadrangles 

The  Zone  1 areas  in  these  quadrangles  are  gla- 
cial-lake clay  deposits  in  north-draining  stream  val- 
leys and  some  of  the  Susquehanna  River  tributaries, 
and  the  very  steep  slopes  along  the  east  bank  of  the 
Susquehanna  River  near  Sayre.  The  valley  of  Sugar 
Creek  is  designated  as  moderately  susceptible  to  land- 
sliding. 
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Litchfield,  Windham,  Towanda, 
and  Rome  Quadrangles 

The  high,  steep  slopes  along  meander  bends  in 
the  Susquehanna  Valley,  and  three  small  drainages  con- 
taining glacial-lake  clay,  comprise  the  high-suscepti- 
bility zone.  The  moderate-susceptibility  zone  contin- 
ues along  Sugar  Creek  from  the  adjacent  quadrangles. 

Little  Meadows,  Friendsville,  Le  Raysville, 
and  Lawton  Quadrangles 

No  highly  susceptible  areas  occur  within  these 
quadrangles.  The  Wyalusing  Creek  valley  is  included 
in  the  moderate-susceptibility-zone  designation. 

Ayers  Hill,  Cherry  Springs,  Conrad, 
and  Short  Run  Quadrangles 

The  high-susceptibility  zone  is  made  up  of  the 
steep  entrenched  valleys  underlain  by  the  Catskill  and 
Huntley  Mountain  Formations.  The  valleys  include 
Prouty  Run,  East  Fork  Sinnemahoning  Creek,  the  upper 
section  of  West  Branch  Pine  Creek  and  its  tributaries, 
and  the  tributaries  to  Kettle  Creek.  Included  are  an- 
cient (periglacial?)  debris  flows  as  well  as  steep  slopes 
that  have  thinner  colluvium  and  fractured  bedrock  and 
are  prone  to  debris  slides  and  rockslides. 

The  moderately  steep  upper  slopes  of  major  val- 
leys and  upper  portions  of  drainage  basins,  underlain 
primarily  by  the  Huntley  Mountain  Formation,  make 
up  Zone  2.  The  colluvial  mantle  is  generally  thicker 
there  than  on  the  steeper  slopes.  The  area  includes 
numerous  old  debris  flows  that  are  slide  prone  if  dis- 
turbed. 

The  low-susceptibility  zone  is  the  gently  sloping 
upland  areas,  largely  underlain  by  Pottsville  sandstones. 

Galeton,  Marshlands,  Oleona,  and 
Lee  Fire  Tower  Quadrangles 

The  high-susceptibility  zone  in  these  quadran- 
gles includes  the  valleys  of  Pine  Creek  and  its  tribu- 
taries. Upstream  from  Galeton,  the  steep  valley  sides 
are  prone  to  debris  slides  in  colluvium  derived  from 
the  Catskill  and  Huntley  Mountain  Formations.  Near 
to  and  downstream  (northeast)  from  Galeton,  the  val- 
ley was  glaciated,  and  the  resulting  lake  clay,  till,  and 
other  glacial  deposits  are  prone  to  slumping  and  earth- 
flow.  In  the  southern  part  of  the  area,  the  Kettle  Creek 
valley  and  upper  tributaries  to  Young  Womans  Creek 
and  Slate  Run  are  included  in  Zone  1 because  of  steep 
colluvial  slopes  underlain  by  the  Catskill  and  Hunt- 
ley  Mountain  Formations. 

The  moderate-susceptibility  areas  include  the  mod- 
erately steep  slopes  in  the  southern  part  of  the  Gale- 


ton quadrangle,  which  are  mostly  developed  on  Cats- 
kill sandstones  and  shales,  and  the  similar  area  south- 
east of  and  parallel  to  Kettle  Creek.  The  glaciated  upper 
slopes  on  the  Marshlands  quadrangle  make  up  the  rest 
of  Zone  2 for  these  quadrangles. 

The  gently  sloping  upland  areas  are  generally  not 
susceptible  to  landsliding. 

Tiadaghton,  Antrim,  Cedar  Run, 
and  Morris  Quadrangles 

The  extremely  steep  slopes  of  the  upper  Pine  Creek 
Gorge  and  the  steep  to  very  steep  slopes  along  Cedar 
Run,  Babb  Creek,  and  their  tributaries  and  Pine  Creek 
above  the  gorge  are  the  Zone  1 portions  of  these  quad- 
rangles. The  bedrock  is  primarily  Catskill  and  includes 
some  of  the  Lock  Haven  and  Huntley  Mountain  For- 
mations and  Burgoon  Sandstone. 

Moderate-susceptibility  areas  are  the  upland  area 
west  of  Pine  Creek  on  the  Tiadaghton  quadrangle;  the 
glaciated  upper  slopes  above  Ansonia;  and  a number 
of  moderately  steep  narrow  zones  along  the  contacts 
between  the  Catskill  and  Huntley  Mountain  Forma- 
tions and  between  the  Catskill  and  Lock  Haven  For- 
mations, and  along  the  upper  reaches  of  major  streams. 

The  low-susceptibility  zone  includes  upland  areas 
between  major  streams,  and  the  gently  sloping  up- 
lands comprising  most  of  the  Tiadaghton  and  Antrim 
quadrangles. 

Cherry  Flats,  Blossburg,  Nauvoo, 
and  Liberty  Quadrangles 

Small  areas  of  the  steep  Pine  Creek  tributary  val- 
leys that  continue  into  this  area  from  the  west  and 
south  are  included  in  Zone  1 . The  upper  part  of  the 
Tioga  River  valley  and  its  glacial-lake  clay  deposits 
make  up  the  remainder  of  the  high-susceptibility  zone 
for  these  quadrangles. 

The  moderate-susceptibility  zone  includes  the 
slopes  of  Maple  and  Pine  Hills  along  the  Catskill- 
Huntley  Mountain  formational  contact  in  the  north, 
the  similar  contact  zone  south  of  Nauvoo,  the  upper 
reaches  of  the  valleys  of  Babb  Creek  and  its  tribu- 
taries, strip-mined  areas  in  the  uplands  around  Bloss- 
burg, and  the  steep  slopes  of  Laurel  Hill  and  more 
gently  sloping  area  to  the  north  on  the  Liberty  quad- 
rangle. 

The  remaining  areas,  which  are  gently  sloping, 
are  placed  in  Zone  3. 

Gleason,  Canton,  Ralston, 
and  Grover  Quadrangles 

No  high-susceptibility  areas  occur  within  these 
quadrangles. 
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The  moderately  susceptible  north  and  east  slopes  of 
Armenia  Mountain  along  the  Catskill-Huntley  Moun- 
tain contact  continue  into  these  quadrangles  from  the 
north.  A few  small,  abandoned  strip-mine  areas  are 
present  on  the  Gleason  quadrangle.  The  valley  floors 
and  lower  slopes  of  the  upper  reaches  of  the  Tioga 
River  and  of  Towanda  Creek  are  included  in  Zone  2. 
The  zone  around  the  contact  between  the  Catskill  and 
Huntley  Mountain  Formations  along  Lycoming  Creek, 
Rock  Run,  and  Pleasant  Stream  and  the  north  slope 
of  the  eastward  extension  of  Laurel  Hill  comprise  the 
remainder  of  the  moderate-susceptibility  zone. 

Leroy,  Powell,  Shunk, 
and  Overton  Quadrangles 

Towanda  Creek  valley  below  the  West  Franklin 
area  is  prone  to  slumping  in  glacial-lake  clays  and  is 
included  in  the  high-susceptibility  zone. 

The  upper  section  of  the  Towanda  Creek  valley, 
the  tributary  valleys  south  of  Powell,  and  the  north- 
facing slope  above  and  south  of  Towanda  Creek  are 
classified  as  having  moderate  susceptibility.  In  the 
southern  quadrangles,  parts  of  the  valleys  of  tribu- 
taries to  Loyalsock  Creek  are  also  in  Zone  2. 

Monroeton,  Wyalusing,  Dushore, 
and  Colley  Quadrangles 

The  presence  of  glacial-lake  deposits  in  the  Main 
and  South  Branches  of  Towanda  Creek  is  the  basis  for 
classifying  these  areas  as  highly  susceptible.  Two 
small  areas  of  very  steep  rock  slopes  on  the  outside 
of  meander  bends  of  the  Susquehanna  River  in  the 
northeastern  part  of  the  study  area  complete  Zone  1 . 

Zone  2 areas  include  slopes  along  the  upper  part 
of  Loyalsock  Creek  and  the  moderately  steep  slopes 
of  Kellogg  and  Robwood  Mountains  south  of  Mon- 
roeton. The  upper  part  of  Mehoopany  Creek  drain- 
age near  Colley  is  also  moderately  slide  prone.  All  of 
these  areas  involve  till  and  colluvium  on  bedrock  of 
the  Catskill  and  Huntley  Mountain  Formations. 

Laceyville,  Auburn  Center,  Jenningsville, 
and  Meshoppen  Quadrangles 

These  quadrangles  have  no  areas  in  the  high- 
susceptibility  zone. 

The  Mehoopany  Creek  drainage  area  and  adja- 
cent areas  to  the  east,  south  of  the  Susquehanna  River, 
form  the  largest  part  of  Zone  2 in  these  quadrangles. 
Also  included  are  the  Little  Mehoopany  Creek  valley 
and  Meshoppen  Creek  and  the  adjacent  zone  to  the 
west  along  U.S.  Route  6 and  the  Susquehanna  River. 

The  remainder  of  the  southern  quadrangles  and 
nearly  all  of  the  northern  quadrangles  are  in  Zone  3. 


Hammersley  Fork,  Tamarack,  Keating, 
and  Renovo  West  Quadrangles 

A large  part  of  these  quadrangles  is  designated 
as  highly  susceptible  to  landsliding.  The  Zone  1 areas 
are  the  steep  slopes  above  the  deeply  entrenched 
streams  in  the  Plateau.  The  slopes  above  Kettle  Creek, 
Sinnemahoning  Creek,  the  West  Branch  Susquehanna 
River,  and  their  tributaries  are  especially  prone  to 
debris  slides,  avalanches,  and  flows  in  the  colluvium 
developed  on  the  Catskill  and  Huntley  Mountain  For- 
mations. 

The  moderate-susceptibility  zone  is  made  up  of 
moderately  steep  colluvial  slopes  around  and  north- 
east of  Tamarack  Swamp,  and  the  abandoned  strip-mine 
areas  on  the  plateau  tops  north  of  the  West  Branch 
Susquehanna  River. 

The  other  upland  areas,  largely  underlain  by  Bur- 
goon  and  Pottsville  sandstones,  are  designated  as  the 
low-susceptibility  zone,  as  are  the  wide,  flat  areas  in 
valley  bottoms  along  major  streams. 

Young  Womans  Creek,  Slate  Run,  Renovo 
East,  and  Glen  Union  Quadrangles 

These  quadrangles  are  similar  to  those  to  the  north 
and  west.  The  steep  valley  sides  along  Young  Wom- 
ans Creek,  the  West  Branch  Susquehanna  River,  Pine 
Creek,  and  their  tributaries  are  highly  susceptible  to 
debris  sliding. 

Small  areas  of  moderately  steep  upper  slopes  and 
upper  tributary  valleys  are  in  Zone  2,  and  the  plateau 
tops  and  small  areas  of  valley  bottoms  are  low-sus- 
ceptibility zones. 

Cammal,  English  Center,  Jersey  Mills, 
and  Waterville  Quadrangles 

The  steep  slopes  along  Pine  Creek  Gorge  and  Lit- 
tle Pine  Creek  near  the  Allegheny  Front  in  the  south- 
ern part  of  the  Waterville  quadrangle  form  the  highly 
susceptible  zone  in  these  quadrangles. 

Zone  2 includes  the  moderately  steep  uplands  in 
the  north  and  east,  small  strip-mine  areas  on  the  Eng- 
lish Center  quadrangle,  and  the  less  steep  slopes  near 
the  Allegheny  Front.  Most  of  the  plateau  tops  are 
classified  as  Zone  3. 

White  Pine,  Trout  Run,  Salladasburg, 
and  Cogan  Station  Quadrangles 

Most  of  the  designated  areas  on  these  quadran- 
gles are  continued  from  adjacent  quadrangles.  The 
Zone  1 areas  are  along  the  entrenched  streams  in  the 
Appalachian  Plateau  and  along  the  southern  edge  of 
the  Plateau. 
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The  moderate-susceptibility  zone  includes  most 
of  the  Plateau  uplands  and  the  Allegheny  foothills  area 
south  of  the  Allegheny  Front  (Faill  and  others,  1977b). 
The  Lycoming  Creek  valley  south  of  the  Front  is  in- 
cluded here  because  of  bank  instabilities  in  local  de- 
posits of  glacial  sediments. 

Bodines,  Barbours,  Montoursville  North, 
and  Huntersville  Quadrangles 

The  high-susceptibility  zone  is  made  up  of  a small 
part  of  the  steep  valley  of  Lycoming  Creek,  and  the 
steep  slopes  along  Allegheny  Ridge  and  Cove,  Bless- 
ing, and  Jacoby  Mountains.  As  in  most  of  Zone  1, 
these  areas  are  underlain  primarily  by  rocks  of  the 
Huntley  Mountain  and  Catskill  Formations. 

The  slopes  of  Bodine  Mountain,  the  Lycoming 
Creek  tributary  valleys  above  Bodines,  and  the  south 
slope  of  Burnetts  Ridge  are  in  Zone  2,  as  are  the  mod- 
erate slopes  in  the  Catskill  and  Huntley  Mountain  rocks 
east  of  Proctor.  The  area  south  of  Allegheny  Ridge  is 
in  the  Ridge  and  Valley  province,  and  the  rocks  are 
more  strongly  folded  than  in  the  Allegheny  Plateau  to 
the  north.  The  rocks  of  the  Catskill  and  upper  Lock 
Haven  Formations  in  this  area  are  prone  to  sliding,  es- 
pecially when  the  toe  of  dipping  beds  is  disturbed  (see 
Figures  24-27).  Isolated  areas  of  Illinoian  and  early 
Wisconsinan  glacial-lake  clays  and  other  surficial  de- 
posits are  susceptible  to  sliding  in  the  valleys  of  Loyal- 
sock  Creek  and  the  West  Branch  Susquehanna  River 
(Wells  and  Bucek,  1980). 

The  remaining  areas,  largely  uplands,  are  desig- 
nated as  the  low-susceptibility  zone. 

Hillsgrove,  Eagles  Mere,  Picture  Rocks, 
and  Sonestown  Quadrangles 

A small  eastward  extension  of  Allegheny  Ridge 
is  the  only  area  of  Zone  1 in  these  quadrangles. 

Zone  2 is  made  up  of  the  moderate  slopes  along 
streams  draining  the  Plateau;  the  glaciated  slopes  on 
Catskill  bedrock  along  and  north  of  Muncy  Creek; 
and  the  Catskill-Huntley  Mountain  contact  zone  along 
Chestnut  Ridge,  North  Mountain,  and  Huckleberry 
Mountain. 

The  uplands  of  the  Plateau  and  the  remainder  of 
the  Muncy  Creek  lowland  are  in  the  low-susceptibility 
zone. 

Laporte,  Lopez,  Elk  Grove, 
and  Red  Rock  Quadrangles 

No  areas  of  the  high-susceptibility  zone  occur  in 
these  quadrangles.  The  valleys  and  moderately  steep 
slopes  along  the  edge  of  North  Mountain  are  moder- 


ately susceptible  to  sliding  in  till  and  colluvium  on  the 
Catskill  and  Huntley  Mountain  Formations. 

Dutch  Mountain,  Noxen,  Sweet  Valley, 
and  Harveys  Lake  Quadrangles 

The  moderate-susceptibility  zone  follows  the  out- 
crop belt  of  the  Catskill  and  Huntley  Mountain  Forma- 
tions around  North,  South,  and  Bartlett  Mountains  to 
the  eastern  edge  of  the  Williamsport  quadrangle  and 
also  includes  the  valley  sides  along  Huntington  Creek. 

Snow  Shoe  NW,  Snow  Shoe  NE,  Snow 
Shoe,  and  Snow  Shoe  SE  Quadrangles 

In  the  northwest  part  of  this  area,  the  steep  valleys 
of  the  West  Branch  Susquehanna  River  and  its  tribu- 
taries are  highly  susceptible  to  landsliding.  Slides  in 
this  zone  are  primarily  debris  slides  and  flows  in  col- 
luvium from  the  Huntley  Mountain  Formation. 

Farther  to  the  south,  the  extensive  unreclaimed 
areas  from  strip  mines  in  the  Pennsylvanian  coals  are 
classified  as  Zone  2.  Other  areas  included  in  the  moder- 
ate-susceptibility zone  are  the  moderately  steep  stream- 
valley  sides  in  the  Plateau,  and  the  area  where  the  Cats- 
kill and  Rockwell  (which  grades  laterally  into  the  Hunt- 
ley  Mountain  Formation  to  the  north)  Formations  crop 
out  along  the  edge  of  the  Plateau.  Several  of  the  road- 
cuts  for  Interstate  Route  80  in  this  area  have  experi- 
enced debris  slides  and  flows. 

Howard  NW,  Farrandsville,  Howard, 
and  Beech  Creek  Quadrangles 

The  high-susceptibility  zone  in  these  quadrangles 
consists  of  the  steep  valley  sides  of  Beech  Creek,  West 
Branch  Susquehanna  River,  and  Lick  Run,  where  they 
are  underlain  by  the  Huntley  Mountain  Formation;  and 
the  northwest  slope  of  Bald  Eagle  Mountain,  which 
is  mantled  with  thick  colluvium. 

The  moderate-susceptibility  zone  includes  strip- 
mined  areas  in  the  Plateau,  the  upper  slopes  of  val- 
leys in  the  Plateau,  the  Upper  Devonian  rocks  along 
the  Allegheny  Front,  and  the  southeast  slope  of  Bald 
Eagle  Mountain. 

The  unmined  areas  of  the  Plateau  top,  the  valley 
floor  along  Bald  Eagle  Creek,  and  Nittany  Valley  are 
placed  in  Zone  3. 

Lock  Haven,  Jersey  Shore,  Mill  Hall, 
and  Loganton  Quadrangles 

Zone  1 in  these  quadrangles  includes  the  thick  col- 
luvium and  glacial  deposits  on  the  bedrock  dip  slope 
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on  the  north  side  of  Bald  Eagle  Mountain.  The  areas 
where  the  West  Branch  Susquehanna  River,  Chatham 
Run,  and  Pine  Creek  have  cut  down  through  the  folded 
and  faulted  rocks  along  the  Allegheny  Front  are  also 
highly  susceptible  to  landsliding. 

Most  of  the  rest  of  the  area  of  these  quadrangles 
is  moderately  susceptible  to  landsliding.  The  foothills 
along  the  Allegheny  Front,  the  upper  valley  slopes  in 
the  Plateau,  and  most  of  the  upland  areas  in  the  Ridge 
and  Valley  province  are  in  Zone  2. 

The  West  Branch  Susquehanna  River  valley,  Nit- 
tany  Valley,  Sugar  Valley,  and  the  western  end  of  the 
Nippenose  Valley  are  all  placed  in  the  low-suscepti- 
bility zone. 

Linden,  Williamsport,  Carroll, 
and  Williamsport  SE  Quadrangles 

The  only  part  of  Zone  1 in  these  quadrangles  is  the 
north  slope  of  Bald  Eagle  Mountain,  which  has  been 
previously  described  for  the  adjacent  quadrangles. 

Part  of  the  Allegheny  foothills  in  the  northwest 
and  the  upland  areas  in  the  southern  portion  of  this 
area  are  classified  as  moderately  susceptible  to  land- 
sliding.  A small  area  along  the  northern  boundary  of 
the  city  of  Williamsport  is  included  in  Zone  2 because 
of  mapped  deposits  of  Illinoian  glacial-lake  clay  (Faill 
and  others,  1977a). 

Montoursville  South,  Muncy,  Allenwood, 
and  Milton  Quadrangles 

The  only  portion  of  the  high-susceptibility  zone 
in  these  quadrangles  is  the  north  slope  of  Bald  Eagle 
Mountain,  which  has  thick  deposits  of  colluvium  and 
till. 

On  the  north  side  of  the  West  Branch  Susquehanna 
River  valley,  tills  and  other  glacial  deposits  (Faill,  1979) 
are  prone  to  sliding  if  disturbed  and  are  placed  in 
Zone  2.  The  slopes  of  North  and  South  White  Deer 
Ridges  and  Nittany  Mountain  are  also  in  the  moderate- 
susceptibility  zone,  as  is  the  east  end  of  White  Deer 
Mountain  along  the  west  bank  of  the  Susquehanna 
River,  where  steep  slopes  above  the  river  are  prone 
to  rockslides  and  debris  slides. 

The  remaining  area,  which  makes  up  most  of 
these  quadrangles,  is  in  the  low-susceptibility  zone. 

Hughesville,  Lairdsville,  Washingtonville, 
and  Millville  Quadrangles 

This  entire  area  is  in  the  low-susceptibility  zone. 
A few  known  slides  have  occurred  in  the  surficial  de- 
posits, mostly  along  stream  banks,  but  no  significant 
concentrations  of  landslide-susceptibility  factors  are 
known. 


Benton,  Stillwater,  Bloomsburg,  and 
Mifflinville  Quadrangles 

The  high-susceptibility  zone  here  consists  of  the 
steep  slopes  of  Knob,  Huntington,  and  Lee  Mountains. 
Most  instability  problems  along  these  slopes  are  re- 
lated to  heavy  rainfall  and  undercutting  of  the  deposits 
of  stony  and  boulder  colluvium  (Inners,  1981). 

The  slopes  above  the  south  bank  of  the  Susque- 
hanna River  are  partially  covered  with  colluvium  and 
pre-Wisconsinan  glacial  deposits  and  are  included  in 
Zone  2. 

The  remainder  of  these  quadrangles  is  in  the  low- 
susceptibility  zone.  The  colluvium  and  glacial  deposits 
are  generally  stable,  although  the  slopes  may  fail  if 
disturbed. 

Shickshinny,  Nanticoke,  Berwick,  and 
Sybertsville  Quadrangles 

The  steep  slopes  of  Shickshinny,  Huntington,  Lee, 
Penobscot,  and  Nescopeck  Mountains  are  highly  sus- 
ceptible to  landsliding.  A number  of  landslides  in  bed- 
rock and  glacial  sediments  are  known  on  the  south 
slope  of  Shickshinny  Mountain  (Anderson,  1985). 

The  moderately  steep  slopes  in  the  Catskill  For- 
mation along  the  lower  slopes  of  the  mountains  are 
included  in  Zone  2. 

The  remainder  of  the  area  of  these  quadrangles 
is  in  the  low-susceptibility  zone. 

CONCLUSIONS 

Landslide  suceptibility  in  the  Williamsport  1-  by 
2-degree  map  area  is  best  characterized  as  highly  vari- 
able across  the  area.  Portions  of  the  area  range  from 
very  highly  susceptible  to  landsliding  to  having  very 
low  susceptibility,  and  within  susceptibility  zones  there 
is  a great  variety  of  types  of  landslides  and  landslide 
hazards.  A number  of  factors  working  in  combination 
determine  whether  a given  slope  is  stable.  These  fac- 
tors include  the  nature  of  the  bedrock  and  surficial  de- 
posits, topography,  water  conditions,  and  disturbance 
by  human  activity.  Bedrock  and  surficial  geology  and 
slope  steepness  are  the  primary  factors  on  which  the 
landslide-susceptibility  map  is  based. 

Glacial-lake  clays  are  responsible  for  the  highest 
densities  of  landslides.  Many  of  the  stream  valleys  in  the 
north-central  part  of  the  quadrangle  have  a very  large 
proportion  of  area  affected  by  recent  or  old  slumps. 
The  upper  tributaries  of  the  Cowanesque  and  Tioga 
River  valleys  are  extreme  examples,  but  much  of  the 
glaciated  portion  of  the  area  is  similarly  affected. 

The  next  most  significant  category  of  landslide- 
prone  areas  is  the  colluvial  slopes  underlain  by  the 
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Catskill  and  Huntley  Mountain  Formations.  The  strati- 
graphic zone  near  the  contact  of  these  units  seems  es- 
pecially strongly  associated  with  landslide  problems. 
The  reason  for  this  has  not  been  determined,  but  it  is 
likely  to  be  related  to  the  occurrence  of  interbeds  of 
shale  and  mudstone  within  coarser  grained  rocks.  The 
Catskill  and  Huntley  Mountain  Formations  were  de- 
posited in  a deltaic  environment  where  there  was  al- 
ternate submergence  and  exposure  of  the  sediments.  In 
southwestern  Pennsylvania,  the  major  landslide-prone 
rocks  are  red  beds  or  claystones  that  formed  as  ancient 
soils  in  a similar  deltaic  setting.  The  similarity  of  en- 
vironment suggests  that  paleosols  (ancient  soil  hori- 
zons) may  be  involved  in  at  least  some  of  the  Catskill- 
Huntley  Mountain-zone  landslides.  The  Catskill-Hunt- 
ley  Mountain  zone  is  consistently  more  slide  prone 
across  the  whole  study  area  than  adjacent  rock  units. 
In  the  highly  susceptible  steep  valleys  of  the  dissected 
Plateau,  debris  slides  and  avalanches  are  most  likely 
to  occur  in  these  formations  or  along  the  contact  be- 
tween them.  Along  the  Allegheny  Front,  and  in  the 
moderately  folded  foothills  south  of  the  Front,  most 
of  the  rockslides  and  debris  slides  occur  in  these  for- 
mations. Even  in  the  glacial  tills  and  on  the  slopes  of 
the  steep  fold  mountains  in  the  southeast,  the  Catskill 
and  Huntley  Mountain  Formations  seem  to  be  dispro- 
portionately represented  in  landslide  occurrences.  In 
many  cases,  structure  or  topographic  setting  may  be 
a more  important  instability  factor  than  bedrock,  but 
the  consistent  association  of  landsliding  with  particu- 
lar bedrock  units  is  a very  useful  factor  for  mapping 
susceptibility. 

Along  the  Allegheny  Front  and  in  the  steep  val- 
leys of  the  Plateau,  there  is  a potential  hazard  from  de- 
bris avalanches,  which  occur  in  association  with  heavy 
rains.  Other  major  landslide  areas  are  the  north  slope 
of  Bald  Eagle  Mountain,  where  complex  deposits  of 
thick  colluvium  and  glacial  sediments  overlie  a bed- 
rock dip  slope;  and  the  large,  old  debris  flows  in  the 
northwestern  part  of  the  map  area.  Both  of  these  oc- 
currences are  believed  to  be  related  to  the  intense  weath- 
ering and  mass-wasting  conditions  that  were  preva- 
lent during  the  Pleistocene  in  areas  near  the  glacial 
borders.  The  colluvium  and  the  more  well-defined  old 
slide  deposits  are  likely  to  be  reactivated  by  unusual 
water  conditions  or  excavation  on  the  slopes. 

The  remaining  significant  landslide  settings  are 
thick  to  moderately  thick  tills  and  other  glacial  de- 
posits, especially  where  they  are  disturbed;  moder- 
ately steep  upper  slopes  in  the  Plateau;  and  old  strip 
mines  and  mine  spoil  areas. 

The  rest  of  the  study  area  is  of  generally  low 
susceptibility  to  landsliding,  but  local  conditions  can 
lead  to  slope  instabilities  in  these  areas  also. 

Land  use  in  the  project  area  is  dominantly  forest 
and  agricultural,  and  there  are  only  a few  large  areas 
of  urban  development.  For  this  reason,  the  effects  of 


landsliding  have  not  had  a large  impact  on  human  ac- 
tivities, but  the  hazard  and  damages  from  landsliding 
are  of  large  enough  magnitude  to  warrant  attention. 
The  authors  are  not  aware  of  any  deaths  or  major  in- 
juries due  to  landslides  within  the  Williamsport  map 
area,  and  damage  to  houses  and  other  structures  is  rare. 
These  low  damage  levels  are  probably  due  as  much 
to  the  low  density  of  urban  and  residential  land  use 
as  to  the  characteristics  of  landsliding. 

The  greatest  damages  due  to  landsliding  are  caused 
to  highways  and  railroads,  from  both  slides  coming 
down  onto  them  from  above  and  loss  of  support  when 
underlying  material  slumps  or  slides  away.  There  was 
no  attempt  to  collect  information  on  costs  over  the 
whole  area,  but  repair  figures  for  individual  large 
highway  slides  range  from  $500,000  to  $3.5  million. 
Repair  of  large  slump-flow  composite  slides  in  uncon- 
solidated material  typically  includes  removal  of  part  of 
the  failed  material  and  installation  of  gravel  drains  to 
control  water-pressure  buildup  within  the  slide.  Rock 
armor  may  be  used  to  prevent  earthflow  while  allow- 
ing drainage.  The  costs  of  “routine”  cleanup  of  small 
debris  slides  and  flows,  and  of  continual  pavement 
patching  in  slump  areas,  are  not  easily  separated  from 
other  highway  maintenance  costs,  but  obviously  they 
can  represent  a significant  portion  of  the  totals.  Even 
harder  to  evaluate  are  the  costs  of  lost  or  limited  use  of 
agricultural  land  and  the  costs  of  time  loss  and  extra 
travel  due  to  temporary  road  closings. 

Overall  landslide  occurrence  in  the  Williamsport 
area  is  low,  especially  in  comparison  to  the  Greater 
Pittsburgh  area,  San  Francisco  Bay  area,  Cincinnati, 
and  other  very  highly  susceptible  areas.  The  locally 
severe  problems  such  as  the  glacial-lake  clays  and  other 
areas  of  high  occurrence  illustrate  the  need  to  con- 
sider landslide  hazards  in  making  land  use  decisions 
in  the  area.  Current  trends  of  increasing  population  in 
north-central  Pennsylvania,  increasing  recreational  use 
of  public  forest  lands,  and  interest  in  further  explo- 
ration of  the  area’s  oil  and  gas  resources  support  the 
idea  that  development  will  continue  in  the  Williams- 
port 1-  by  2-degree  area.  New  roads,  pipelines,  and 
waste  disposal  facilities  will  be  built  in  the  area,  and 
other  aspects  of  development  will  occur.  The  consid- 
eration of  landslide  hazards  as  a factor  in  making  land 
use  decisions  can  allow  the  potential  damages  to  be 
reduced  greatly  by  appropriate  mitigating  engineer- 
ing or  by  avoidance  of  extremely  slide-prone  areas. 
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GLOSSARY 

Alluvium.  Unconsolidated  sediment  deposited  by  rivers 
and  streams. 

Anticline.  A fold  of  rock  strata  that  is  convex  upward. 

Azimuth.  Compass  direction,  measured  in  degrees, 
clockwise  from  north. 

Boulder  field.  An  accumulation  of  boulders  or  angu- 
lar blocks  in  which  there  is  no  fine  material  in  the 
upper  part. 

Colluvial  soil.  Soil  that  has  been  transported  some 
distance  downhill  by  soil  creep,  slope  wash,  land- 
sliding,  or  similar  processes. 

Colluvium.  A deposit  of  loose  rock  fragments  and 
soil,  formed  by  downslope  movement. 

Conglomerate.  Sedimentary  rock  containing  gravel- 
or  pebble-sized  grains. 

Creep.  Imperceptibly  slow  downslope  movement  of 
soil  or  rock  debris. 

Crown.  The  undisturbed  material  adjacent  to  the  high- 
est parts  of  the  scarp  of  a landslide. 

Debris  avalanche.  Sudden,  very  rapid  sliding  and  flow 
of  a mass  of  soil,  rock,  and  vegetation  on  a steep 
slope,  generally  induced  by  the  presence  of  water. 

Dip.  The  angle  that  a planar  rock  surface  makes  with 
the  horizontal,  measured  at  right  angles  to  the  strike. 

Dip  slope.  A slope  of  the  land  surface  that  conforms 
to  the  dip  of  the  underlying  rocks. 

Fault.  A fracture  in  rock  along  which  movement  has 
occurred. 

Glaciofluvial.  Deposited  by  rivers  or  streams  associ- 
ated with  glaciers. 

Glaciolacustrine.  Deposited  in  lakes  associated  with 
glaciers. 

Graben.  A downthrown  block  between  two  faults. 

Head  scarp.  A steep  surface  on  the  undisturbed 
ground  at  the  highest  part  of  a landslide,  formed  by 
movement  of  the  slide  material. 
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Interstitial.  Occurring  in  the  spaces  between  rocks 
or  grains  of  rock. 

Joint.  A fracture  or  crack  in  rock. 

Limestone.  Sedimentary  rock  formed  from  calcite  (cal- 
cium carbonate). 

Lithology.  Composition  and  texture  of  rock. 

Loom.  A soil  composed  of  approximately  equal  parts 
of  clay,  silt,  and  sand. 

Moraine.  An  accumulation  of  material  deposited  or 
transported  by  glacial  ice. 

Notching.  Erosion  of  material  at  the  base  of  a steep 
cliff,  generally  by  water,  producing  an  undercut  slope. 

Periglacial.  Referring  to  areas,  conditions,  process- 
es, and  deposits  adjacent  to  the  margin  of  a glacier. 

Permeability.  The  ability  of  a material  to  allow  fluid 
to  pass  through  it. 

Piping.  Erosion  of  granular  material  by  percolating 
water  below  the  surface,  resulting  in  long,  narrow 
conduits,  or  “pipes,”  through  which  more  material 
can  be  transported.  Enlargement  of  pipes  by  roof 
collapse  is  common. 

Planar  rockslide.  Rockslide  where  the  slip  surface  is 
a single  plane,  commonly  a bedding  surface. 

Pore  pressure.  The  pressure  of  fluid  in  the  pores  of 
rock  or  soil  that  pushes  outward  against  the  sur- 
rounding grains. 

Porosity.  The  percentage  of  pore  space  in  the  total 
volume  of  a material. 

Progressive  slump  failure.  A series  of  slumps,  each 
slump  occurring  in  the  head  scarp  of  the  previous 
one,  causing  upslope  growth  of  the  failure. 

Residual  soil.  A soil  formed  from  the  consolidated 
rock  on  which  it  is  resting. 

Riprap.  A protective  armor  of  closely  placed  large 
rocks,  generally  to  prevent  erosion  by  water. 


Scarp.  A cliff  or  steep  cut  produced  by  differential 
movement  of  adjacent  blocks  along  a slide  plane. 

Seismic.  Pertaining  to  earthquake  or  earth  vibration. 

Shale.  Sedimentary  rock  composed  of  clay  or  silt  par- 
ticles, which  tends  to  break  in  thin  layers. 

Shear  strength.  Resistance  of  a material  to  deforma- 
tion by  shear  stress. 

Slope  percent.  A measure  of  slope  steepness  calcu- 
lated by  dividing  vertical  distance  by  horizontal  dis- 
tance. 

Slump.  A landslide  in  which  the  slide  mass  rotates 
backward  into  the  original  slope. 

Smectite.  A group  of  clay  minerals  that  tend  to  swell 
with  the  addition  of  water. 

Strike.  The  compass  direction  of  a horizontal  line  on 
a bedding  plane,  joint,  or  other  surface.  It  is  per- 
pendicular to  the  dip. 

Surface  of  rupture.  The  surface  or  narrow  zone  along 
which  movement  occurs  between  a landslide  mass 
and  the  undismrbed  rock  or  soil. 

Syncline.  A fold  of  rock  strata  that  is  convex  down- 
ward. 

Till.  Poorly  sorted,  unstratified  sediment  transported 
and  deposited  by  a glacier. 

Toe.  The  lower,  generally  curved,  margin  of  the  dis- 
turbed mass  of  a landslide;  the  most  distant  part  of 
the  slide  from  the  point  of  origin. 

Topple.  A landslide  in  which  the  moving  material 
rotates  forward  out  of  the  slope. 

Varves.  Alternating  layers  of  coarse  and  fine  sediment, 
usually  deposited  in  glacial  lakes  and  representing 
annual  variations  in  conditions. 

Wedge  failure.  A rockslide  where  the  slip  surfaces 
are  two  or  more  intersecting  surfaces,  commonly 
joints  and  a bedding  plane. 


FACTORS  FOR  CONVERTING  INCH-POUND  UNITS  TO 
INTERNATIONAL  SYSTEM  UNITS  (SI) 


Multiply  inch-pound  units  By' 

Length 

inch  (in.)  25.4 

foot  (ft)  .3048 

mile  (mi)  1.6093 


To  obtain  SI  units 


millimeter  (mm) 
meter  (m) 
kilometer  (km) 


square  mile  (mi') 


Area 

2.590  square  kilometer  (km') 


cubic  foot  (fu^) 
cubic  yard  (yd^) 


Volume 

.02832  cubic  meter  (m^) 

.765  cubic  meter  (m^) 


foot  per  second  (ft/s) 


Flow 

.3048 


meter  per  second  (m/s) 
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APPENDIX 

LANDSLIDE  INVENTORY 

Table  5 consists  of  data  for  the  individual  land- 
slides identified  in  the  landslide  inventory  portion  of 
the  project.  The  locations  of  these  slides  are  shown 
on  the  7.5-minute  quadrangle  maps  following  Table  5. 
The  maps  that  are  included  are  located  on  Figure  81. 
For  some  of  the  quadrangles,  thorough  inspection  of 
aerial  photographs  was  carried  out.  For  other  quadran- 
gles, only  landslide  information  obtained  from  other 
sources  is  included.  In  these  cases,  there  may  well  be 
other  landslides  that  are  not  shown  on  the  maps.  In 
all  areas,  small  slides  or  slides  that  occurred  signifi- 
cantly before  or  after  the  time  of  the  aerial  photogra- 
phy have  probably  been  overlooked.  The  maps  do  not 
purport  to  show  all  recent  or  older  landslides.  Rock- 
falls  are  represented  on  the  maps  by  the  letter  X. 

The  information  on  these  maps  is  intended  only 
to  show  data  from  this  inventory.  The  susceptibility 
zones  on  Plate  1 are  intended  to  delineate  areas  where 
detailed  studies  of  specific  areas  should  precede  de- 
velopment plans.  Neither  these  maps  nor  Plate  1 can 
take  the  place  of  such  studies.  Many  of  the  features 
shown  on  the  maps  have  not  been  field  checked. 

The  column  headings  and  abbreviations  used  in  Table 
5 are  as  follows; 

Quadrangle  name  and  number:  Standard  7.5-minute 
quadrangle  name  and  the  number  assigned  by 
the  Federal  Information  Processing  System.  Quad- 
rangles are  listed  in  alphabetical  order. 

Landslide  number:  The  numbering  system  begins 
at  1 for  each  quadrangle.  Revision  of  data  after 
original  numbers  were  assigned  has  created  gaps 
in  the  list;  not  all  numbers  are  now  used. 

Slide  type:  DA,  debris  avalanche;  DS,  debris  slide; 
DF,  debris  flow;  S,  slump;  S-EF,  slump-earth- 
flow;  RF/RS,  rockfall  and/or  rockslide;  A,  com- 
plex of  ancient  slide  deposits;  C,  composite 
landslide  or  undetermined  type. 


Age;  R,  active  or  recent— slides  show  a clear,  fresh 
scarp,  disturbed  vegetation,  fresh  deposits  at 
the  toe,  or  other  evidence  of  recent  movement; 
O,  old— includes  all  slides  with  no  clear  evi- 
dence of  recent  movement  (the  probable  range 
in  age  is  tens  to  thousands  of  years);  RA,  reac- 
tivated old  slide;  U,  unknown. 

Length  and  Width:  Maximum  dimensions  in  feet 
down  and  across  slofie,  measured  on  the  1 :24,000- 
scale  topographic  maps. 

Percent  slope:  Maximum  relief  divided  by  length. 
Maximum  relief  obtained  from  contours  on  the 
1:24, 000-scale  topographic  maps.  Not  deter- 
mined for  some  very  small  slides. 

Slope  azimuth:  Compass  direction  of  a line  from  the 
crown  of  the  slide  down  the  maximum  inclina- 
tion to  the  toe.  000,  north;  090,  east;  180,  south; 
270,  west. 

Bedrock  Geology:  Symbols  used  are  the  same  as 
those  on  the  Geologic  Map  of  Pennsylvania  (Berg 
and  others,  1980)  and  in  Table  3.  IPl,  Llewellyn 
Formation;  Pp,  Pottsville  Formation;  Mmc, 
Mauch  Chunk  Formation;  Mb,  Burgoon  Sand- 
stone; Mp,  Pocono  Formation;  MDr,  Rockwell 
Formation;  MDhm,  Huntley  Mountain  Forma- 
tion; Dck,  Catskill  Formation;  Dlh,  Lock  Haven 
Formation;  Dtr,  Trimmers  Rock  Formation; 
Dbh,  Brallier  and  Harrell  Formations;  Dh,  Ham- 
ilton Group;  Doo,  Onondaga  and  Old  Port  For- 
mations; DSkm,  Keyser  through  Mifflintown 
Formations;  DSkc,  Keyser  through  Clinton  For- 
mations; Swc,  Wills  Creek  Formation;  Sbm, 
Bloomsburg  through  Mifflintown  Formations; 
Sc,  Clinton  Group;  St,  Tuscarora  Formation; 
Oj,  Juniata  Formation;  Obe,  Bald  Eagle  Forma- 
tion; Or,  Reedsville  Formation;  Ocn,  Cobum 
through  Nealmont  Formations. 

Surficial  Geology:  c,  colluvium;  tc,  thick  colluvium; 
be,  boulder  colluvium;  t,  till;  Ic,  glacial-lake 
clay;  g,  other  glacial  deposits;  r,  rock,  thin  or  no 
cover;  f,  fill,  mine  waste,  or  other  man-made 
deposits;  u,  unknown  or  other. 
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Figure  81.  Index  map  to  7.5-minute  quadrangles,  indicating  the  source  and  type  of  information  in  the 
landslide  inventory.  A,  quadrangle  covered  by  photo  inspection,  landslides  shown  on  map; 
B,  quadrangle  covered  by  photo  inspection,  no  landslides  found;  C,  quadrangle  not  fully  cov- 
ered by  photo  inspection,  landslide  information  from  other  sources  or  from  photo  inspection 
of  adjacent  quadrangles;  D,  quadrangle  not  covered  by  photo  inspection,  no  landslides 
known. 
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Table  5. 


Data  for  Individual  Landslides  Identified  in  the  Landslide  Inventory 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Allenwood 

368 

1 

S 

0 

100 

500 

— 

180 

Sbm 

c 

2 

DF 

O 

600 

550 

27 

165 

St 

be 

3 

DF 

O 

725 

600 

26 

190 

St 

be 

4 

DS 

R 

100 

300 

40 

260 

Sbm 

u 

5 

DS 

R 

100 

200 

5 

310 

Swc 

u 

6 

RF/RS 

R 

150 

325 

60 

060 

Sc 

r 

7 

RF/RS 

R 

200 

150 

50 

057 

Sc 

r 

8 

RF/RS 

R 

60 

100 

60 

060 

Sc 

r 

Antrim 

131 

1 

DS 

R 

200 

225 

25 

095 

Dck 

u 

2 

DS 

R 

150 

150 

7 

250 

Dck 

u 

3 

S 

O 

250 

350 

24 

130 

Dck 

c 

4 

S 

R 

150 

150 

20 

030 

DIh 

u 

6 

S 

R 

200 

300 

12.5 

290 

DIh 

u 

Auburn  Center 

141 

2 

s 

R 

125 

250 

32 

105 

Dck 

t 

3 

s 

R 

150 

150 

27 

025 

Dck 

t 

Ayers  Hill 

126 

2 

c 

O 

800 

1,950 

20 

040 

Dck 

Ic 

4 

c 

R 

150 

250 

27 

005 

Dck 

u 

II 

DF 

O 

700 

350 

26 

180 

Dck 

u 

13 

C 

0 

650 

600 

32 

335 

MDhm-Dck 

u 

16 

DF 

O 

1,250 

500 

15 

290 

Dck 

u 

18 

DF 

0 

1,250 

675 

22 

315 

Dck 

u 

19 

S 

O 

525 

550 

19 

345 

Dck 

u 

20 

DS 

O 

2,300 

1,250 

25 

295 

MDhm-Dck 

u 

22 

DS 

O 

450 

300 

44 

265 

MDhm-Dck 

u 

23 

C 

U 

450 

100 

18 

005 

Dck 

u 

Barbours 

226 

1 

DS 

R 

150 

200 

40 

002 

MDhm 

c 

2 

DS 

R 

200 

250 

35 

180 

MDhm 

c 

3 

DS 

R 

100 

500 

60 

150 

MDhm 

c 

4 

DS 

R 

60 

180 

67 

200 

MDhm 

c 

5 

DS 

R 

60 

80 

33 

195 

MDhm 

c 

6 

S 

R 

95 

400 

1 1 

180 

MDhm 

c 

7 

S 

R 

60 

150 

83 

185 

MDhm 

c 

8 

S 

R 

160 

350 

9 

185 

MDhm 

c 

Beech  Creek 

363 

1 

C 

RA 

3,350 

5,200 

15 

330 

DSkm-Sc 

c 

2 

C 

O 

2,100 

1,500 

23 

345 

Sc 

c 

3 

C 

O 

2,300 

800 

30 

315 

DSkm-Sc 

u 

4 

C 

O 

1,775 

600 

23 

330 

Sc 

u 

5 

C 

0 

950 

750 

23 

330 

Sc 

u 

6 

See  Howard  quadrangle  (number  562).  landslide  21 

7 

C 

0 

1,200 

1,900 

31 

150 

Or 

u 

8 

c 

O 

1,400 

2,100 

29 

140 

Or 

u 

9 

s 

O 

1,025 

1,025 

18 

150 

Ocn 

u 

10 

c 

O 

1,750 

300 

21 

320 

Or-Ocn 

u 

Bentley  Creek 

48 

1 

c 

R 

250 

500 

32 

320 

DIh 

t 

2 

DS 

R 

250 

750 

32 

340 

DIh 

t 

3 

C 

O 

2,000 

550 

\i 

053 

DIh 

t 

4 

C 

O 

1,550 

2,400 

12 

352 

DIh 

t 

5 

C 

O 

1,600 

2,750 

13 

268 

DIh 

t 

6 

C 

O 

1,150 

2,300 

16 

261 

DIh 

t 

Benton 

325 

1 

DA 

O 

1,120 

150 

II 

310 

Dtr 

u 

Berwick 

374 

1 

DS 

R 

525 

90 

50 

350 

Dtr 

be 

2 

S 

O 

100 

175 

30 

355 

Dck 

t 

3 

RF/RS 

R 

350 

1,400 

24 

185 

Dck 

r 

Bloomsburg 

372 

1 

DF 

U 

125 

200 

60 

110 

Sbm 

c 

2 

DS 

u 

60 

90 

66 

260 

Dtr 

t 

3 

DS 

R 

115 

150 

9 

160 

Sbm 

r 

4 

DS 

R 

75 

60 

13 

188 

Swc 

r 

5 

DS 

R 

75 

60 

13 

185 

Swc 

r 

6 

S 

O 

100 

125 

40 

140 

Dtr 

c 

7 

DS 

O 

275 

1,000 

80 

072 

Dck 

r 

8 

DA 

O 

1,200 

225 

18 

340 

Dtr 

c 

9 

DS 

R 

75 

125 

67 

328 

DIh 

c 

1 

S 

R 

250 

725 

24 

220 

Dck-Dlh 

Ic 

2 

S 

R 

250 

450 

28 

170 

DIh 

Ic 

3 

S 

R 

450 

950 

26 

340 

DIh 

Ic 

4 

DF 

O 

2,250 

1,150 

16 

080 

Dck-Dlh 

u 

5 

C 

R 

500 

150 

11 

040 

Dck 

u 

6 

S 

U 

100 

375 

20 

210 

Dck 

Ic 

7 

s 

U 

75 

350 

20 

030 

Dck 

Ic 

Blossburg 


133 
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Table  5.  (Continued) 


Quad-  Slope  Bedrock  Surficial 


Quadrangle 

rangle 

Landslide 

Length 

Width 

Percent 

azimuth 

geologic 

geologic 

name 

number 

number 

Type 

Age 

( feet ) 

(feet) 

slope 

(degrees) 

unit 

unil 

Blossburg 

133 

8 

S 

U 

250 

1,500 

20 

330 

Dck 

Ic 

(continued) 

9 

S 

U 

350 

750 

20 

355 

Dck 

Ic 

10 

s 

R 

400 

1,800 

23 

200 

Dck 

Ic 

II 

s 

R 

225 

2,250 

30 

355 

Dck 

Ic 

12 

DF 

O 

500 

200 

12 

025 

Dck 

c 

13 

DA 

O 

1,050 

125 

23 

095 

Dck 

c 

14 

DF 

O 

3,150 

1,100 

19 

285 

MDhm-Dck 

c 

15 

S 

U 

125 

100 

8 

035 

Dck 

u 

16 

c 

o 

350 

300 

20 

030 

Dck 

Ic 

17 

s 

R 

250 

2,500 

24 

050 

Dck-Dlh 

Ic 

18 

s 

R 

250 

200 

20 

260 

Dlh 

Ic 

19 

S-EF 

R 

600 

175 

10 

220 

DIh 

Ic 

20 

S 

R 

150 

200 

13 

225 

Dlh 

Ic 

21 

S 

R 

100 

200 

10 

035 

Dlh 

Ic 

22 

S 

R 

100 

200 

10 

070 

Dlh 

Ic 

23 

S 

R 

400 

100 

8 

005 

Dlh 

Ic 

24 

S-EF 

R 

300 

75 

7 

320 

Dck 

u 

25 

DF 

O 

3,500 

1,200 

11 

330 

MDhm-Dck 

c 

26 

S-EF 

R 

300 

350 

27 

265 

Dck 

u 

27 

S-EF 

R 

300 

100 

27 

240 

Dck 

u 

28 

S 

R 

75 

200 

13 

140 

Dlh 

Ic 

29 

s 

R 

200 

350 

5 

035 

Dlh 

Ic 

30 

DF 

O 

750 

200 

17 

355 

Dck 

u 

31 

S 

U 

450 

400 

4 

185 

Dck-Dlh 

Ic 

32 

DF 

0 

3,000 

1,250 

17 

300 

MDhm-Dck 

u 

33 

DF 

0 

2,200 

700 

20 

085 

Mb-MDhm 

c 

34 

DS 

u 

500 

150 

33 

300 

Mb 

u 

35 

DS 

u 

450 

100 

27 

280 

Mb 

u 

36 

S 

R 

50 

150 

40 

300 

Pp 

Ic 

37 

S 

R 

50 

150 

40 

130 

Pp 

Ic 

38 

S 

R 

150 

600 

40 

320 

Pp 

Ic 

39 

s 

R 

75 

200 

13 

135 

Pp 

Ic 

40 

DS 

U 

225 

125 

9 

040 

Pp-Mb 

u 

41 

DS 

u 

300 

215 

13 

230 

Pp-Mb 

u 

42 

DF 

o 

1,250 

400 

16 

330 

MDhm 

u 

43 

S 

u 

150 

150 

20 

160 

MDhm 

u 

44 

S 

u 

75 

75 

13 

145 

MDhm 

u 

45 

RF/RS 

u 

350 

150 

23 

090 

MDhm 

r 

46 

RF/RS 

u 

100 

150 

40 

095 

MDhm 

r 

47 

S 

u 

150 

200 

7 

355 

MDhm 

u 

48 

S 

u 

175 

250 

14 

145 

MDhm 

u 

49 

DS 

R 

250 

300 

40 

245 

MDhm 

u 

50 

DF 

O 

1,400 

450 

13 

165 

Mb-MDhm 

c 

51 

DS 

R 

350 

300 

11 

185 

MDhm 

u 

Bodines 

225 

1 

S-EF 

R 

150 

400 

33 

200 

MDhm-Dck 

c 

2 

DS 

O 

150 

350 

53 

000 

MDhm 

c 

3 

DS 

0 

3,750 

700 

30 

295 

MDhm-Dck 

c 

4 

S-EF 

R 

200 

350 

40 

170 

Dck 

t 

5 

DA 

0 

1,750 

150 

37 

250 

MDhm-Dck 

c 

6 

S-EF 

R 

250 

750 

24 

250 

Dck 

t 

7 

DA 

O 

1,400 

150 

37 

295 

MDhm 

c 

Brookland 

82 

1 

C 

0 

1,000 

300 

18 

140 

MDhm 

t 

2 

C 

O 

800 

500 

15 

155 

MDhm 

t 

3 

S-EF 

0 

1,800 

600 

12 

152 

Dck 

t 

4 

S-EF 

u 

350 

250 

14 

050 

Dck 

u 

5 

DF 

o 

4,500 

400 

8 

140 

Dck 

c 

6 

C 

0 

700 

750 

10 

105 

Dck 

u 

7 

C 

o 

700 

1,200 

20 

318 

MDhm 

u 

8 

S 

0 

800 

500 

14 

155 

MDhm 

u 

9 

S-EF 

o 

1,000 

2,200 

30 

125 

MDhm-Dck 

u 

10 

DF 

o 

1,200 

300 

23 

210 

MDhm 

u 

1 1 

C 

0 

1,000 

2,400 

29 

057 

MDhm 

c 

12 

DF 

o 

950 

200 

33 

055 

MDhm 

be 

13 

DF 

o 

2,100 

650 

28 

185 

MDhm 

u 

14 

C 

o 

600 

1,500 

20 

000 

Dck 

u 

15 

C 

o 

400 

1,900 

30 

140 

Dck 

u 

16 

C 

R 

275 

900 

33 

340 

Dck 

c 

17 

S-EF 

R 

525 

500 

7 

175 

MDhm 

u 

18 

C 

R 

50 

100 

10 

340 

Dck 

u 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Brookland 

82 

19 

C 

R 

75 

125 

13 

345 

Dck 

u 

(continued! 

20 

C 

R 

100 

200 

10 

150 

Dck 

u 

21 

DF 

O 

900 

700 

12 

325 

Dck 

c 

22 

DS 

R 

100 

300 

40 

170 

MDhm 

c 

23 

DS 

R 

100 

650 

20 

350 

Dck 

c 

Canton 

135 

1 

DS 

O 

350 

950 

23 

125 

Dck 

c 

2 

C 

R 

250 

200 

18 

160 

DIh 

t 

5 

RF/RS 

R 

125 

1,400 

160 

240 

Dck 

r 

Cherry  Flats 

132 

1 

See  Crooked  Creek  quadrangle  (number  87).  landslide  4 

Cherry  Springs 

127 

1 

C 

O 

1,200 

850 

17 

010 

Dck 

c 

3 

C 

0 

2,100 

750 

14 

035 

MDhm-Dck 

c 

4 

C 

O 

1,000 

500 

19 

030 

MDhm 

u 

5 

C 

O 

450 

1,100 

18 

030 

Dck 

u 

10 

DS 

O 

850 

900 

34 

070 

MDhm 

c 

11 

C 

O 

950 

1,700 

29 

060 

MDhm 

c 

12 

DA 

O 

1,500 

200 

35 

270 

MDhm 

c 

18 

C 

0 

550 

1,000 

16 

050 

MDhm-Dck 

c 

19 

c 

R 

400 

550 

35 

035 

MDhm 

u 

20 

RF/RS 

U 

150 

1,000 

40 

170 

MDhm 

r 

21 

RF/RS 

u 

200 

490 

30 

250 

MDhm 

r 

Cogan  Station 

272 

1 

RF/RS 

u 

150 

500 

53 

040 

Dck 

r 

2 

DA 

o 

300 

75 

47 

340 

Dck 

u 

3 

DA 

o 

400 

100 

56 

325 

Dck 

u 

4 

DS 

o 

850 

400 

41 

200 

Dck 

u 

5 

DA 

o 

200 

150 

50 

350 

DIh 

u 

6 

DF 

o 

650 

250 

28 

275 

Dlh 

c 

7 

DF 

0 

650 

250 

29 

025 

DIh 

c 

8 

DS 

0 

1,100 

250 

16 

225 

Dck 

c 

9 

S 

R 

75 

125 

27 

310 

Dck 

u 

10 

DS 

o 

500 

100 

26 

230 

DIh 

u 

1 1 

DS 

0 

500 

100 

44 

022 

DIh 

u 

12 

DS 

0 

500 

100 

49 

020 

DIh 

u 

13 

DS 

o 

1,400 

250 

23 

300 

DIh 

c 

14 

DS 

R 

400 

200 

45 

230 

DIh 

u 

15 

DS 

0 

1,250 

150 

27 

195 

DIh 

u 

16 

S 

R 

50 

75 

20 

350 

Dck 

g 

17 

S-EF 

R 

250 

200 

8 

355 

Dck 

g 

18 

S 

R 

50 

200 

40 

270 

Dck 

u 

19 

DS 

O 

475 

200 

31 

140 

Dck-Dlh 

c 

20 

S-EF 

0 

200 

450 

15 

050 

DIh 

u 

21 

S 

u 

150 

175 

19 

050 

DIh 

c 

22 

S 

0 

750 

350 

29 

045 

DIh 

c 

23 

RF/RS 

R 

150 

50 

67 

260 

DIh 

r 

24 

RF/RS 

R 

140 

65 

79 

260 

DIh 

r 

25 

RF/RS 

R 

140 

125 

79 

260 

DIh 

r 

26 

RF/RS 

R 

120 

100 

92 

240 

DIh-Dbh 

r 

27 

DF 

O 

600 

350 

28 

160 

DIh 

c 

28 

S 

R 

300 

600 

27 

230 

MDhm-Dck 

t 

29 

See  Trout  Run  quadrangle 

(number  224).  landslide  30 

Conrad 

171 

1 

DA 

U 

1,250 

250 

37 

050 

MDhm-Dck 

c 

3 

DF 

o 

1,500 

400 

35 

305 

MDhm-Dck 

c 

4 

DA 

R 

1,100 

350 

41 

270 

MDhm 

c 

5 

C 

0 

1,200 

750 

20 

250 

Pp-MDhm 

u 

7 

DA 

0 

1,500 

150 

33 

310 

MDhm-Dck 

c 

8 

DF 

O 

1,750 

400 

35 

290 

MDhm-Dck 

c 

9 

C 

0 

850 

750 

24 

280 

MDhm 

u 

10 

S 

0 

150 

450 

30 

275 

MDhm 

c 

11 

s 

0 

200 

450 

30 

285 

MDhm 

c 

12 

DF 

RA 

2,500 

1,100 

27 

090 

MDhm-Dck 

c 

14 

C 

O 

700 

1,000 

33 

250 

Dck 

u 

19 

DF 

0 

1,900 

500 

34 

150 

MDhm-Dck 

u 

20 

C 

R 

350 

500 

34 

330 

Dck 

u 

21 

DA 

u 

1,250 

400 

42 

358 

MDhm-Dck 

c 

23 

S-EF 

u 

900 

550 

33 

150 

Dck 

u 

24 

S-EF 

u 

700 

350 

37 

145 

Dck 

u 

25 

DF 

0 

1,650 

600 

29 

315 

Dck 

c 

26 

DA 

o 

950 

250 

38 

315 

MDhm-Dck 

c 

27 

DA 

u 

1,000 

200 

37 

135 

Dck 

c 

29 

DA 

u 

1,000 

200 

30 

325 

Dck 

c 
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Table  5.  (Continued) 


Quad-  Slope  Bedrock  Surt'icial 


Quadrangle 

rangle 

Landslide 

Length 

Width 

Percent 

azimuth 

geologic 

geologic 

name 

number 

number 

Type 

Age 

(feet) 

(feet) 

slope 

(degrees) 

unit 

unit 

Conrad 

171 

30 

DA 

U 

1,050 

400 

24 

030 

Dck 

c 

(continued) 

31 

C 

0 

1,350 

550 

18 

080 

MDhm-Dck 

u 

32 

C 

0 

1,300 

4,100 

28 

120 

Dck 

c 

33 

C 

o 

700 

1.200 

19 

025 

MDhm 

c 

34 

DA 

o 

750 

100 

37 

155 

MDhm-Dck 

c 

35 

DA 

o 

750 

100 

53 

335 

MDhm-Dck 

c 

37 

DF 

u 

1,000 

300 

30 

355 

Dck 

u 

39 

C 

o 

500 

650 

31 

035 

Dck 

c 

Crooked  Creek 

87 

1 

S-EF 

0 

750 

500 

1 1 

090 

DIh 

u 

2 

S 

R 

125 

450 

16 

015 

Dlh 

tc 

3 

S 

R 

100 

400 

30 

350 

Dlh 

Ic 

4 

DF 

O 

2,025 

500 

*’2 

335 

Dlh 

c 

5 

S 

R 

150 

250 

20 

335 

Dlh 

Ic 

6 

S 

R 

100 

250 

20 

310 

Dlh 

Ic 

7 

S 

R 

250 

300 

14 

000 

Dlh 

Ic 

8 

S 

R 

250 

500 

16 

000 

Dlh 

Ic 

Dushore 

183 

1 

DS 

R 

225 

650 

20 

1 10 

Dck 

g 

Dutch  Mountain 

231 

1 

DA 

O 

1,880 

190 

30 

238 

Dck 

be 

2 

S 

0 

700 

1,000 

26 

238 

Dck 

t 

East  Troy 

91 

1 

S 

R 

100 

850 

40 

230 

Dlh 

t 

■7 

S 

0 

300 

900 

10 

345 

Dlh 

u 

3 

S 

0 

1,150 

1,000 

16 

355 

Dlh 

u 

Elkland 

43 

1 

s 

R 

200 

250 

15 

340 

Dlh 

g 

2 

C 

R 

300 

400 

15 

030 

Dlh 

g 

3 

c 

R 

200 

650 

3 

015 

Dlh 

g 

4 

c 

U 

250 

400 

26 

210 

Dlh 

g 

5 

c 

R 

450 

2,600 

22 

320 

Dlh 

u 

Ellisburg 

38 

1 

DF 

0 

1,500 

800 

17 

334 

Dck 

c 

2 

C 

0 

900 

1,900 

19 

175 

Dck 

c 

3 

DF 

u 

2,550 

600 

12 

163 

Dck 

c 

4 

DF 

u 

3,150 

900 

12 

310 

MDhm 

c 

5 

C 

0 

600 

2,500 

22 

330 

Dck 

t 

6 

DF 

u 

1,000 

100 

24 

343 

Dck 

be 

7 

C 

u 

300 

75 

15 

358 

Dck 

u 

8 

S-EF 

u 

500 

300 

22 

040 

Dck 

u 

9 

C 

o 

1,400 

2,100 

10 

063 

Dck 

c 

10 

DF 

R 

400 

300 

18 

024 

Dck 

u 

11 

DF 

O 

1,900 

300 

11 

100 

Dck 

c 

12 

DF 

O 

3,000 

800 

7 

050 

Dck 

c 

13 

DF 

o 

1,550 

800 

10 

280 

Dck 

c 

14 

C 

o 

725 

750 

22 

005 

Dck 

u 

15 

DF 

o 

1,500 

500 

13 

325 

Dck 

c 

16 

C 

o 

1,000 

2,300 

24 

no 

Dck 

c 

17 

C 

o 

1,300 

950 

7 

240 

Dck 

c 

Farrandsville 

316 

1 

DS 

o 

975 

225 

47 

353 

Mb-MDhm 

u 

2 

C 

o 

450 

1,000 

44 

338 

MDhm 

u 

3 

C 

R 

50 

200 

10 

040 

MDhm 

c 

4 

DF 

0 

1,050 

125 

43 

015 

Mb-MDhm 

c 

5 

DF 

0 

900 

165 

53 

oil 

Mb-MDhm 

c 

6 

RF/RS 

R 

175 

600 

49 

035 

MDhm 

r 

7 

DS 

R 

125 

350 

57 

170 

MDhm 

u 

8 

C 

R 

125 

175 

50 

260 

MDhm 

u 

9 

C 

R 

150 

150 

73 

270 

MDhm 

u 

10 

C 

R 

150 

300 

70 

270 

MDhm 

u 

11 

DS 

R 

550 

75 

44 

255 

MDhm 

u 

12 

RF/RS 

0 

250 

600 

24 

060 

MDhm 

r 

13 

DS 

O 

1,150 

350 

60 

065 

MDhm 

c 

14 

DS 

RA 

200 

325 

73 

065 

MDhm 

u 

15 

DS 

R 

200 

75 

95 

065 

MDhm 

u 

16 

DS 

R 

150 

100 

93 

065 

MDhm 

u 

17 

DS 

R 

175 

50 

86 

070 

MDhm 

u 

18 

DF 

O 

1.125 

375 

29 

005 

Mb-MDhm 

c 

19 

RF/RS 

R 

100 

100 

55 

160 

Mb 

r 

20 

RF/RS 

R 

150 

225 

93 

200 

MDhm 

r 

21 

DS 

U 

150 

200 

67 

340 

MDhm 

u 

22 

RF/RS 

R 

150 

100 

73 

350 

Mb 

r 

23 

RF/RS 

R 

175 

100 

63 

350 

Mb 

r 

24 

RF/RS 

R 

225 

50 

60 

355 

Mb-MDhm 

r 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Farrandsville 

316 

25 

S-EF 

0 

525 

225 

10 

020 

Dck 

u 

(continued) 

26 

C 

O 

1,700 

2,125 

18 

128 

MDhm-Dck 

u 

Friendsville 

53 

1 

S 

O 

350 

950 

23 

040 

Dlh 

t 

2 

S 

0 

490 

570 

23 

210 

DIh 

t 

3 

S 

o 

490 

400 

18 

185 

Dlh 

t 

4 

S 

0 

325 

500 

22 

105 

Dlh 

t 

Galeton 

128 

1 

C 

u 

75 

550 

20 

250 

Dck 

u 

2 

S-EF 

u 

675 

1,000 

21 

350 

Dck 

u 

3 

S 

u 

125 

225 

16 

340 

Dck 

u 

4 

s 

u 

150 

300 

7 

010 

MDhm 

u 

5 

c 

u 

75 

1,000 

60 

140 

Dck 

u 

6 

s 

u 

85 

225 

10 

200 

MDhm 

u 

7 

c 

R 

100 

150 

50 

225 

MDhm 

u 

8 

DS 

R 

100 

750 

30 

220 

MDhm 

u 

9 

S 

R 

350 

125 

17 

210 

MDhm 

u 

10 

S 

R 

200 

500 

25 

210 

MDhm-Dck 

u 

1 1 

DA 

0 

550 

100 

40 

170 

MDhm 

u 

12 

DA 

0 

850 

100 

41 

179 

MDhm 

u 

13 

C 

R 

75 

200 

20 

330 

Dck 

u 

14 

C 

u 

85 

450 

47 

170 

Dck 

u 

15 

C 

R 

300 

575 

27 

275 

Dck 

u 

16 

S-EF 

0 

325 

425 

28 

280 

Dck 

c 

17 

DF 

0 

1,500 

100 

34 

278 

MDhm-Dck 

u 

18 

C 

R 

300 

450 

47 

265 

Dck 

u 

19 

C 

U 

50 

750 

40 

270 

Dck 

u 

20 

S-EF 

0 

625 

3,625 

33 

268 

Dck 

c 

21 

C 

u 

85 

225 

53 

110 

Dck 

u 

22 

C 

R 

185 

400 

24 

120 

Dck 

u 

23 

S 

u 

225 

225 

13 

290 

Dck 

u 

24 

C 

R 

175 

575 

23 

300 

Dlh 

u 

25 

S 

R 

65 

150 

15 

190 

Dck 

u 

26 

C 

U 

350 

300 

19 

255 

Dck 

u 

27 

C 

R 

50 

50 

15 

254 

Dck 

u 

28 

C 

U 

550 

800 

20 

010 

Dck 

u 

29 

S 

R 

275 

200 

15 

100 

Dck 

u 

30 

C 

O 

200 

1,000 

30 

070 

Dck-Dlh 

u 

31 

See  Marshlands  quadrangle  (number  129).  landslide  2 

32 

See  Marshlands  quadrangle  (number  129).  landslide  i 

Gleason 

134 

1 

S 

R 

200 

250 

13 

260 

Dck 

t 

Glen  Union 

268 

1 

DS 

0 

1,450 

250 

43 

278 

MDhm-Dck 

u 

2 

C 

0 

1,000 

50 

50 

340 

MDhm 

u 

3 

C 

R 

900 

100 

56 

335 

MDhm 

u 

4 

C 

R 

750 

300 

51 

340 

MDhm 

u 

5 

C 

0 

1,300 

250 

48 

010 

MDhm 

u 

6 

C 

R 

200 

200 

23 

130 

MDhm 

u 

7 

DF 

O 

800 

500 

90 

085 

MDhm 

be 

8 

DF 

O 

700 

240 

53 

310 

MDhm 

u 

9 

C 

U 

1,250 

300 

21 

355 

MDhm 

c 

10 

S-EF 

0 

1,400 

500 

41 

330 

Mb-MDhm 

u 

II 

C 

o 

500 

150 

74 

290 

MDhm 

u 

Grover 

180 

1 

DS 

0 

200 

500 

20 

300 

MDhm 

c 

Hammersley  Fork 

217 

1 

DF 

0 

1,200 

550 

23 

275 

MDhm 

c 

2 

DF 

o 

1,000 

450 

29 

280 

MDhm 

c 

3 

DF 

o 

1,500 

350 

15 

020 

MDhm 

c 

4 

C 

o 

1,750 

400 

19 

340 

MDhm 

u 

5 

DF 

0 

1,200 

450 

32 

022 

MDhm 

c 

6 

C 

u 

350 

250 

23 

050 

MDhm 

u 

7 

C 

0 

1,900 

2,500 

9 

290 

MDhm 

u 

8 

DA 

0 

750 

200 

43 

100 

MDhm 

u 

9 

DA 

o 

1,750 

400 

22 

240 

Pp-MDhm 

u 

10 

DF 

o 

1,400 

500 

36 

050 

MDhm 

c 

11 

DA 

0 

1,250 

300 

40 

055 

MDhm 

u 

12 

DF 

o 

2,250 

850 

34 

185 

MDhm 

c 

13 

DF 

o 

1,200 

900 

34 

095 

MDhm 

c 

14 

DF 

o 

2,250 

1,150 

32 

015 

MDhm 

c 

15 

C 

0 

1,750 

1,450 

50 

025 

MDhm 

u 

16 

DF 

o 

2,000 

750 

45 

080 

MDhm-Dck 

c 

17 

DF 

o 

2,450 

500 

38 

105 

MDhni-Dck 

c 

18 

DS 

o 

1,500 

550 

40 

310 

MDhm 

u 
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Table  5.  (Continued) 


Quad-  Slope  Bedrock  Surficial 


Quadrangle 

rangle 

Landslide 

Length 

Width 

Percent 

azimuth 

geologic 

geologic 

name 

number 

number 

Type 

Age 

(feet) 

(feet) 

slope 

(degrees) 

unit 

unit 

Hammersley  Fork 

217 

19 

C 

0 

1,750 

750 

35 

310 

MDhm 

u 

(continued) 

20 

DA 

R 

300 

200 

33 

025 

MDhm 

u 

21 

DA 

U 

2,150 

250 

21 

330 

MDhm 

u 

22 

C 

o 

1,750 

950 

26 

130 

MDhm 

u 

23 

C 

R 

350 

350 

54 

000 

MDhm 

u 

24 

C 

O 

1,500 

750 

43 

030 

MDhm 

u 

25 

C 

O 

1,200 

1,750 

42 

095 

MDhm 

u 

26 

C 

0 

1,150 

950 

52 

100 

MDhm 

u 

27 

C 

R 

300 

750 

60 

010 

MDhm 

u 

28 

C 

0 

1,350 

900 

44 

060 

MDhm 

u 

29 

C 

O 

1,425 

600 

45 

010 

MDhm 

u 

30 

C 

0 

1,150 

325 

59 

050 

MDhm 

u 

31 

C 

R 

500 

400 

44 

060 

Dck 

u 

32 

DF 

0 

1,725 

650 

42 

204 

MDhm 

c 

33 

C 

0 

1,100 

550 

49 

225 

MDhm 

u 

34 

C 

O 

1,050 

300 

52 

235 

MDhm 

u 

35 

C 

0 

2,300 

900 

35 

140 

MDhm-Dck 

c 

36 

C 

O 

3,500 

1,600 

14 

115 

Dck 

u 

37 

RF/RS 

R 

400 

1,650 

45 

080 

MDhm 

r 

38 

RF/RS 

R 

400 

800 

44 

100 

MDhm 

r 

39 

DA 

0 

2,075 

275 

25 

035 

MDhm-Dck 

u 

40 

DA 

u 

1,000 

275 

40 

230 

MDhm-Dck 

c 

41 

DA 

u 

850 

300 

43 

005 

Dck 

u 

42 

C 

o 

1,000 

1,525 

31 

300 

MDhm 

c 

43 

C 

o 

1,525 

1,500 

25 

170 

MDhm-Dck 

c 

44 

DA 

o 

1,700 

500 

24 

017 

Dck 

u 

45 

DA 

o 

1,450 

200 

23 

007 

Dck 

u 

46 

DA 

o 

1,350 

150 

22 

045 

Dck 

u 

47 

DA 

o 

1,700 

400 

24 

009 

Dck 

u 

48 

C 

o 

1,350 

1,400 

18 

137 

MDhm-Dck 

c 

49 

C 

o 

1,750 

575 

14 

250 

MDhm-Dck 

c 

50 

DF 

o 

2,750 

1,200 

27 

118 

MDhm-Dck 

c 

51 

C 

0 

1,500 

425 

29 

024 

Dck 

u 

52 

C 

R 

375 

425 

53 

080 

Dck 

u 

53 

C 

0 

2,150 

2,000 

30 

040 

Dck 

c 

54 

C 

0 

875 

1,350 

32 

030 

Dck 

u 

55 

C 

o 

1,075 

350 

55 

005 

Dck-Dlh 

c 

56 

C 

0 

3.300 

2,100 

22 

220 

Dck-Dlh 

u 

57 

C 

o 

325 

1,600 

52 

040 

DIh 

c 

58 

C 

o 

1,025 

825 

24 

025 

Dck 

u 

59 

C 

R 

150 

125 

68 

070 

Dck 

u 

60 

S 

R 

375 

550 

53 

080 

Dck 

u 

61 

C 

R 

150 

150 

53 

090 

Dck 

u 

62 

DF 

O 

900 

300 

30 

220 

Dck 

c 

Harrison  Valley 

40 

1 

S-EF 

R 

300 

700 

17 

085 

Dck-Dlh 

u 

2 

S-EF 

u 

850 

1,250 

15 

225 

Dck-Dlh 

u 

3 

C 

0 

2,200 

1,350 

10 

230 

Dck-Dlh 

u 

4 

s 

u 

675 

900 

21 

205 

DIh 

c 

5 

S-EF 

0 

2,300 

1,500 

14 

215 

Dck-Dlh 

u 

6 

C 

0 

925 

625 

17 

220 

DIh 

u 

7 

S-EF 

RA 

900 

2,150 

12 

065 

DIh 

u 

8 

S-EF 

0 

1,325 

1.225 

20 

050 

Dck-Dlh 

u 

9 

S-EF 

O 

2,075 

1,100 

17 

045 

Dck-Dlh 

u 

10 

S-EF 

0 

1,975 

925 

14 

025 

DIh 

u 

11 

S-EF 

R 

700 

150 

II 

240 

DIh 

u 

12 

S-EF 

R 

400 

350 

10 

195 

DIh 

u 

13 

C 

0 

925 

760 

16 

055 

DIh 

u 

14 

C 

O 

675 

600 

18 

060 

DIh 

u 

15 

S-EF 

u 

450 

125 

13 

100 

DIh 

u 

16 

S-EF 

o 

2,950 

975 

12 

060 

DIh 

c 

17 

S 

R 

300 

375 

7 

200 

DIh 

u 

18 

C 

RA 

2,200 

700 

13 

085 

Dck-Dlh 

c 

19 

DF 

0 

2,800 

1,000 

13 

160 

Dck 

c 

20 

DF 

0 

2,450 

1.075 

13 

165 

Dck 

u 

21 

C 

0 

1,150 

1,000 

17 

080 

DIh 

c 

O') 

S 

R 

200 

400 

20 

010 

DIh 

Ic 

23 

s 

R 

175 

350 

17 

350 

DIh 

Ic 

24 

s 

R 

175 

275 

11 

050 

DIh 

ic 

25 

s 

R 

175 

300 

17 

040 

DIh 

Ic 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surflcial 

geologic 

unit 

Harrison  Valley 

40 

26 

S 

R 

325 

850 

18 

045 

DIh 

Ic 

(continued) 

27 

DF 

O 

1,675 

725 

13 

103 

MDhm 

u 

28 

S 

0 

925 

550 

25 

140 

MDhm 

u 

29 

S 

0 

450 

325 

26 

220 

MDhm 

u 

30 

C 

0 

350 

100 

17 

240 

MDhm 

u 

31 

S 

R 

300 

250 

23 

170 

Dck 

u 

32 

C 

0 

425 

400 

28 

263 

MDhm 

u 

33 

S 

u 

200 

550 

18 

130 

Dck 

Ic 

Harveys  Lake 

280 

1 

S 

o 

1,250 

2,750 

18 

288 

Dck 

t 

2 

S 

0 

620 

1,000 

5 

175 

Dck 

t 

3 

DA 

R 

700 

150 

20 

292 

Dck 

c 

4 

DS 

R 

90 

50 

22 

022 

Dck 

t 

5 

DS 

R 

140 

75 

18 

020 

Dck 

t 

Hillsgrove 

227 

1 

DS 

R 

300 

80 

37 

250 

MDhm 

t 

Howard 

362 

1 

C 

O 

900 

1,500 

19 

220 

Mb-MDhm 

c 

2 

DF 

O 

1,440 

650 

27 

015 

Mb-MDhm 

c 

3 

DF 

0 

800 

300 

35 

347 

Mb-MDhm 

c 

4 

S 

O 

200 

250 

25 

312 

MDhm 

u 

5 

S-EF 

U 

400 

350 

38 

020 

MDhm 

u 

6 

C 

RA 

200 

620 

45 

325 

MDhm 

u 

7 

S-EF 

U 

580 

550 

34 

310 

MDhm 

u 

8 

DS 

R 

500 

175 

74 

240 

MDhm-Dck 

u 

9 

DS 

R 

200 

150 

60 

243 

MDhm-Dck 

u 

10 

RF/RS 

R 

100 

450 

50 

215 

Dck 

r 

1 1 

RF/RS 

R 

150 

2,200 

47 

045 

MDhm-Dck 

r 

12 

DS 

O 

1,460 

250 

53 

043 

MDhm 

u 

13 

DF 

0 

1,550 

800 

21 

335 

Mb 

c 

14 

S 

0 

350 

1,120 

34 

332 

Dck 

u 

15 

DF 

O 

1,000 

350 

27 

265 

Dlh 

c 

16 

C 

O 

940 

340 

23 

265 

Dlh 

u 

17 

C 

R 

440 

350 

45 

005 

Dlh 

u 

21 

C 

O 

1,850 

3,000 

17 

310 

Sc 

c 

Hughesville 

323 

1 

DS 

0 

300 

180 

40 

288 

Dtr 

u 

2 

DS 

O 

650 

180 

12 

270 

Dh 

c 

3 

DF 

U 

100 

150 

30 

190 

Dtr 

c 

4 

DS 

u 

140 

175 

50 

244 

Dtr 

u 

Huntersville 

274 

1 

RF/RS 

R 

200 

375 

40 

325 

Dck 

r 

2 

S 

R 

100 

115 

30 

350 

Dck 

be 

3 

RF/RS 

R 

310 

600 

32 

010 

Dck 

c 

4 

S 

R 

100 

200 

20 

140 

Dck 

be 

5 

C 

R 

100 

250 

60 

145 

Dck 

u 

Jackson  Summit 

45 

1 

S 

R 

450 

1,500 

18 

160 

Dlh 

le 

2 

c 

0 

1,400 

2,750 

20 

090 

Dlh 

g 

3 

s 

U 

220 

500 

36 

220 

Dlh 

u 

4 

s 

0 

1,100 

2,000 

21 

030 

Dlh 

le 

5 

s 

R 

100 

200 

20 

270 

Dlh 

u 

6 

DF 

O 

2,300 

750 

16 

335 

Dlh 

g 

7 

DF 

RA 

1,800 

850 

29 

180 

Dlh 

c 

8 

S 

R 

200 

450 

15 

350 

Dlh 

u 

9 

DF 

0 

2,500 

500 

8 

245 

Dck 

e 

10 

S 

O 

700 

750 

23 

120 

Dck 

g 

II 

S 

R 

100 

400 

5 

005 

Dck 

u 

12 

S 

R 

125 

350 

8 

355 

Dck 

u 

13 

S-EF 

O 

450 

500 

27 

095 

MDhm 

u 

14 

S 

R 

75 

250 

13 

270 

MDhm 

u 

15 

s 

R 

100 

250 

30 

275 

MDhm 

u 

16 

DF 

0 

2,750 

750 

15 

155 

MDhm 

c 

17 

DF 

0 

2,500 

750 

15 

160 

MDhm 

e 

Jersey  Shore 

318 

1 

DA 

R 

1,250 

125 

48 

235 

MDhm-Dck 

u 

2 

C 

R 

200 

250 

25 

050 

Dck 

u 

3 

S 

R 

75 

100 

53 

090 

Dck 

r 

4 

C 

R 

100 

100 

45 

060 

Dck 

u 

5 

S 

O 

1,900 

1,250 

38 

230 

MDhm-Dck 

u 

6 

C 

R 

150 

750 

20 

330 

Sc 

c 

7 

DF 

0 

2,200 

800 

21 

320 

Sc,  St 

u 

8 

C 

O 

1,700 

700 

41 

340 

St 

c 

9 

S 

U 

150 

300 

13 

150 

Doo 

u 

10 

S 

u 

100 

250 

60 

160 

Dlh 

u 

II 

c 

R 

200 

500 

40 

80 

Or 

u 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Keating 

265 

1 

C 

0 

1,100 

1,075 

17 

025 

MDhm 

u 

*) 

C 

O 

900 

725 

14 

003 

Dck 

u 

3 

c 

0 

2.550 

950 

6 

210 

MDhm-Dck 

u 

4 

c 

0 

900 

925 

24 

200 

MDhm-Dck 

u 

5 

DF 

0 

1,675 

1,775 

15 

224 

MDhm-Dck 

c 

6 

DA 

R 

1,050 

225 

34 

334 

MDhm-Dck 

u 

7 

DA 

0 

2,350 

725 

29 

000 

MDhm-Dck 

u 

8 

DF 

0 

1,300 

525 

24 

355 

MDhm-Dck 

c 

9 

DF 

u 

1,500 

375 

29 

324 

MDhm-Dck 

c 

10 

DF 

0 

1,475 

1,550 

26 

170 

MDhm-Dck 

c 

1 1 

DA 

u 

900 

150 

67 

020 

Dck 

c 

12 

DA 

u 

900 

100 

69 

010 

Dck 

c 

13 

DA 

u 

1,150 

200 

59 

020 

Dck 

c 

14 

DA 

u 

900 

100 

49 

240 

Dck 

c 

15 

DA 

u 

1,050 

200 

67 

285 

Dck 

c 

16 

C 

R 

75 

600 

107 

190 

MDhm 

u 

17 

C 

R 

450 

300 

36 

230 

MDhm 

u 

18 

DA 

u 

850 

125 

80 

250 

MDhm 

u 

19 

DA 

u 

650 

100 

68 

250 

MDhm 

u 

20 

RF/RS 

u 

150 

550 

40 

265 

MDhm 

r 

21 

DA 

u 

925 

200 

45 

028 

Mb-MDhm 

u 

22 

DF 

u 

425 

175 

26 

062 

Mb 

c 

23 

C 

u 

1,200 

650 

25 

230 

Mb-MDhm 

u 

24 

DA 

0 

1,300 

200 

43 

065 

Mb-MDhm 

c 

25 

DS 

R 

200 

150 

50 

135 

MDhm 

u 

26 

DS 

R 

200 

150 

70 

140 

MDhm 

u 

27 

DS 

R 

200 

50 

90 

170 

MDhm 

u 

28 

DS 

R 

200 

50 

90 

180 

MDhm 

u 

29 

C 

O 

1,075 

1,000 

30 

030 

MDhm 

u 

30 

C 

O 

1,150 

2,500 

30 

030 

Mb-MDhm 

u 

31 

DS 

R 

100 

400 

60 

182 

MDhm 

c 

Keeneyville 

86 

1 

DS 

U 

50 

100 

30 

060 

MDhm-Dck 

u 

2 

DS 

u 

75 

75 

33 

065 

MDhm-Dck 

u 

3 

DS 

u 

50 

125 

10 

040 

Dck 

u 

4 

DS 

u 

50 

50 

35 

050 

Dck 

u 

5 

DS 

u 

75 

150 

27 

040 

Dck 

u 

6 

DS 

u 

75 

125 

25 

050 

Dck 

u 

7 

S 

u 

125 

400 

16 

050 

Dck 

u 

8 

DS 

u 

150 

750 

60 

015 

Dlh 

u 

9 

S 

R 

250 

250 

16 

092 

Dck 

t 

Knoxville 

42 

1 

S 

R 

90 

280 

22 

023 

Dlh 

Ic 

2 

s 

0 

800 

650 

15 

085 

Dck 

t 

3 

s 

0 

850 

2,300 

18 

225 

Dlh 

t 

4 

s 

0 

750 

2,000 

24 

060 

Dck 

Ic 

5 

s 

O 

600 

2,400 

20 

210 

Dck 

Ic 

6 

s 

R 

550 

1,375 

24 

250 

Dck-Dlh 

t 

7 

s 

R 

435 

1,600 

14 

020 

Dlh 

g 

8 

s 

R 

350 

1,100 

27 

110 

Dck 

Ic 

9 

s 

R 

300 

1,100 

32 

250 

Dck 

Ic 

10 

c 

R 

300 

825 

42 

300 

Dlh 

g 

11 

c 

R 

210 

800 

17 

320 

Dlh 

g 

12 

s 

R 

300 

650 

22 

350 

Dck-Dlh 

g 

13 

s 

R 

250 

550 

16 

065 

Dck-Dlh 

g 

14 

s 

R 

275 

1,250 

16 

090 

Dlh 

g 

15 

See  Potter  Brook  quadrangle  (number  41).  landslide  9 

16 

See  Potter  Brook  quadrangle  (number  41).  landslide  19 

17 

See  Potter  Brook  quadrangle  (number  41). 

landslide  20 

Laceyville 

140 

1 

s 

R 

400 

200 

10 

095 

Dck 

t 

2 

DS 

R 

200 

250 

40 

180 

Dck 

c 

3 

s 

R 

100 

350 

80 

270 

Dck 

t 

4 

s 

R 

125 

300 

64 

245 

Dck 

t 

Lairdsville 

724 

1 

s 

R 

180 

100 

22 

180 

Dtr 

c 

2 

S-EF 

R 

350 

400 

51 

112 

Dck 

c 

3 

DF 

R 

60 

425 

58 

220 

Dtr 

c 

4 

DS 

R 

650 

140 

23 

198 

Dtr 

be 

5 

S 

R 

90 

100 

22 

240 

Dtr 

c 

6 

DF 

R 

135 

400 

15 

272 

Dtr 

c 

7 

DA 

R 

720 

175 

14 

208 

Dck 

c 
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Table  5.  (Continued) 


Quad- 

Slope 

Bedrock 

Surficial 

Quadrangle 

rangle 

Landslide 

Length 

Width 

Percent 

azimuth 

geologic 

geologic 

name 

number 

number 

Type 

Age 

(feet) 

(feet) 

slope 

(degrees) 

unit 

unit 

Lawton 

96 

1 

S 

0 

200 

400 

10 

060 

Dck 

t 

2 

C 

R 

200 

400 

30 

210 

Dck 

t 

3 

DS 

R 

100 

850 

20 

130 

Dck 

t 

4 

S 

0 

200 

800 

30 

320 

Dck-Dlh 

t 

5 

S 

R 

100 

200 

20 

270 

DIh 

t 

Lee  Fire  Tower 

174 

1 

C 

U 

375 

200 

51 

250 

MDhm 

c 

2 

DA 

0 

700 

200 

33 

317 

MDhm 

c 

3 

DA 

0 

800 

150 

51 

133 

MDhm 

c 

4 

DA 

o 

1,200 

225 

42 

310 

MDhm 

c 

5 

DA 

o 

1,175 

250 

34 

000 

MDhm 

c 

6 

DS 

u 

500 

250 

56 

004 

MDhm-Dck 

c 

7 

DA 

u 

425 

175 

31 

005 

Dck 

c 

8 

C 

R 

200 

150 

65 

220 

Dck 

c 

9 

DF 

0 

975 

325 

32 

110 

Dck 

c 

10 

C 

O 

1,225 

600 

25 

308 

MDhm-Dck 

c 

11 

C 

O 

675 

800 

19 

045 

MDhm 

c 

12 

DS 

O 

400 

125 

65 

335 

MDhm-Dck 

c 

13 

DS 

o 

375 

200 

61 

333 

MDhm-Dck 

c 

14 

DS 

o 

1,125 

200 

54 

330 

MDhm-Dck 

c 

15 

DS 

0 

950 

150 

44 

010 

MDhm-Dck 

c 

16 

DS 

o 

1,150 

200 

61 

013 

MDhm-Dck 

c 

17 

DS 

0 

325 

125 

62 

010 

MDhm-Dck 

c 

18 

S 

R 

125 

250 

8 

055 

Dck 

c 

19 

C 

u 

1,100 

775 

72 

257 

Mb-MDhm 

c 

20 

c 

R 

250 

100 

24 

022 

MDhm-Dck 

c 

21 

c 

0 

250 

225 

56 

021 

MDhm 

c 

22 

c 

O 

500 

175 

58 

000 

MDhm 

c 

23 

DF 

O 

900 

175 

54 

025 

MDhm-Dck 

c 

24 

C 

u 

225 

175 

62 

005 

MDhm 

c 

25 

DF 

0 

1,100 

150 

56 

265 

MDhm-Dck 

c 

26 

C 

0 

575 

350 

33 

295 

MDhm 

c 

Le  Raysville 

95 

1 

S 

R 

100 

600 

40 

000 

Dck 

t 

2 

s 

R 

100 

300 

30 

330 

Dck 

t 

3 

s 

R 

100 

200 

30 

330 

Dck 

t 

Leroy 

136 

1 

S-EF 

R 

700 

3,000 

19 

090 

Dlh 

c 

2 

S 

R 

200 

800 

40 

250 

Dlh 

c 

3 

s 

R 

100 

400 

25 

005 

Dlh 

t 

4 

S-EF 

R 

650 

2,600 

19 

060 

Dlh 

g 

5 

S 

RA 

400 

500 

15 

250 

Dlh 

t 

6 

DS 

0 

900 

900 

16 

260 

Dlh 

t 

Liberty 

178 

1 

S-EF 

R 

500 

300 

13 

220 

Dlh 

u 

2 

DF 

O 

1,450 

700 

13 

270 

Dlh 

c 

3 

C 

0 

450 

300 

13 

320 

Dlh 

u 

4 

S 

R 

150 

200 

13 

200 

Dck 

u 

5 

s 

R 

100 

250 

10 

050 

Dck 

u 

6 

DS 

U 

150 

175 

100 

140 

Dck 

u 

7 

C 

R 

250 

100 

32 

088 

Dck 

u 

8 

RF/RS 

U 

50 

250 

40 

130 

Dck 

r 

9 

S-EF 

R 

600 

300 

8 

040 

Dck 

u 

10 

S-EF 

U 

1,450 

450 

6 

235 

Dlh 

u 

11 

S 

u 

75 

100 

13 

250 

Dlh 

u 

12 

S-EF 

0 

1,000 

750 

18 

090 

Dlh 

• u 

13 

C 

u 

150 

500 

27 

210 

Dlh 

u 

14 

c 

u 

100 

120 

20 

040 

Dlh 

u 

15 

DF 

o 

2,000 

900 

14 

095 

Dck 

c 

16 

DF 

o 

600 

300 

20 

330 

Dck 

u 

17 

DF 

0 

2,100 

500 

18 

340 

MDhm-Dck 

u 

18 

DF 

o 

1,000 

350 

17 

330 

MDhm 

u 

19 

DF 

o 

5,000 

1,150 

11 

345 

MDhm-Dck 

u 

20 

DF 

o 

1,100 

200 

22 

200 

Dck 

u 

21 

C 

R 

250 

550 

32 

150 

Dck 

u 

22 

DS 

o 

1,800 

500 

24 

345 

MDhm-Dck 

u 

23 

DS 

u 

1,000 

1,000 

23 

350 

Dck 

u 

24 

DS 

u 

350 

150 

29 

330 

Dck 

u 

Linden 

319 

1 

S-EF 

0 

1,250 

900 

28 

040 

Dlh 

c 

2 

C 

o 

300 

400 

54 

160 

Dck 

u 

3 

S 

u 

200 

700 

30 

270 

Dlh 

u 

4 

RF/RS 

u 

100 

500 

41 

170 

Dlh 

r 

5 

RF/RS 

R 

75 

150 

80 

175 

Dbh 

r 
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Table  5.  (Continued) 


Quad-  Slope  Bedrock  Surficial 


Quadrangle 

rangle 

Landslide 

Length 

Width 

Percent 

azimuth 

geologic 

geologic 

name 

number 

number 

Type 

Age 

(feet) 

(feet) 

slope 

(degrees) 

unit 

unit 

Linden 

319 

6 

RF/RS 

u 

75 

150 

27 

220 

Dh 

r 

(continued) 

7 

RF/RS 

u 

50 

900 

80 

230 

Dbh 

r 

8 

C 

R 

100 

125 

20 

220 

Dlh 

u 

9 

C 

o 

1,200 

100 

32 

330 

St 

u 

10 

DA 

u 

500 

160 

64 

145 

Oj 

u 

11 

DA 

u 

500 

75 

60 

086 

Oj 

t 

12 

C 

R 

100 

100 

60 

030 

Obe 

u 

13 

C 

R 

50 

350 

50 

230 

Obe 

c 

14 

C 

R 

100 

200 

40 

235 

Dh 

t 

15 

C 

R 

50 

60 

20 

260 

Dh 

u 

16 

C 

O 

150 

400 

67 

335 

St 

u 

17 

C 

O 

1,000 

780 

40 

300 

St 

u 

18 

s 

R 

50 

1,000 

20 

330 

Sc 

u 

19 

c 

R 

300 

150 

70 

210 

Or 

c 

20 

s 

U 

50 

1,200 

20 

290 

Ocn 

c 

21 

c 

u 

250 

500 

64 

130 

Dck 

c 

Lock  Haven 

317 

1 

c 

R 

450 

1,600 

22 

320 

DSkm 

c 

2 

c 

R 

150 

100 

40 

335 

Sc 

c 

3 

c 

R 

150 

100 

40 

345 

Sc 

c 

4 

c 

R 

150 

750 

20 

335 

Sc 

u 

5 

c 

O 

1,400 

1,150 

37 

335 

MDhm 

u 

6 

c 

O 

450 

400 

53 

240 

MDhm 

u 

7 

c 

O 

150 

300 

67 

230 

MDhm 

c 

8 

c 

R 

250 

125 

33 

350 

Dbh 

u 

9 

DA 

U 

1,250 

100 

26 

130 

Dbh 

u 

10 

DA 

u 

900 

100 

27 

135 

Dbh 

u 

Mansfield 

88 

1 

S 

u 

275 

1,250 

66 

315 

Dck-Dlh 

Ic 

2 

s 

u 

300 

750 

27 

115 

Dlh 

Ic 

3 

s 

0 

1,100 

800 

18 

160 

Dck 

1 

4 

c 

R 

75 

200 

7 

160 

Dck 

Ic 

5 

c 

R 

250 

1,250 

32 

230 

Dck 

t 

6 

c 

u 

125 

500 

16 

290 

Dck 

Ic 

7 

c 

u 

75 

200 

13 

095 

Dck 

u 

8 

c 

R 

240 

700 

8 

230 

Dck 

u 

9 

c 

R 

200 

450 

5 

300 

Dlh 

Ic 

10 

c 

U 

250 

450 

12 

270 

Dck-Dlh 

u 

11 

c 

u 

100 

375 

60 

170 

Dck 

Ic 

12 

s 

o 

900 

1,000 

22 

120 

Dck 

!c 

13 

s 

u 

250 

550 

4 

225 

Dlh 

Ic 

14 

c 

R 

300 

750 

10 

240 

Dlh 

u 

15 

c 

R 

350 

750 

11 

265 

Dlh 

u 

16 

c 

R 

150 

300 

27 

145 

Dlh 

Ic 

17 

c 

R 

150 

600 

20 

320 

Dlh 

u 

18 

c 

0 

1,050 

3,025 

11 

140 

Dlh 

c 

19 

s 

R 

500 

1,050 

20 

310 

Dlh 

u 

20 

c 

R 

250 

750 

20 

050 

Dlh 

u 

21 

s 

R 

250 

550 

16 

225 

Dlh 

Ic 

-)-) 

s 

R 

150 

450 

7 

140 

Dlh 

Ic 

23 

s 

R 

250 

600 

26 

135 

Dlh 

Ic 

24 

s 

R 

150 

400 

10 

320 

Dlh 

Ic 

25 

s 

R 

100 

300 

25 

140 

Dlh 

Ic 

26 

s 

R 

100 

300 

10 

350 

Dlh 

Ic 

27 

c 

U 

200 

2,000 

30 

335 

Dlh 

u 

28 

s 

R 

250 

750 

32 

155 

Dlh 

u 

29 

c 

U 

1,900 

250 

8 

050 

Dlh 

u 

30 

c 

RA 

900 

1,750 

11 

270 

Dlh 

u 

31 

c 

O 

300 

1,025 

20 

250 

Dlh 

u 

32 

s 

R 

150 

750 

20 

140 

Dlh 

u 

33 

s 

R 

150 

750 

27 

045 

Dlh 

u 

34 

s 

R 

150 

500 

13 

175 

Dlh 

u 

35 

s 

R 

200 

300 

15 

045 

Dlh 

t 

36 

s 

U 

175 

250 

6 

050 

Dlh 

u 

37 

s 

U 

200 

500 

12 

230 

Dlh 

u 

38 

s 

R 

450 

750 

20 

185 

Dlh 

u 

39 

s 

R 

75 

500 

7 

350 

Dlh 

u 

40 

s 

R 

450 

1,500 

22 

170 

Dlh 

u 

41 

s 

U 

100 

200 

15 

005 

Dlh 

u 

42 

s 

U 

500 

500 

38 

025 

Dlh 

Ic 

43 

s 

u 

400 

600 

4 

040 

Dlh 

Ic 

84 


LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1-  BY  2-DEGREE  QUADRANGLE 


Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Mansfield 

88 

44 

S 

U 

450 

1,600 

16 

050 

DIh 

Ic 

(continued} 

45 

S 

U 

500 

1,500 

20 

250 

Dlh 

Ic 

46 

S 

u 

300 

700 

17 

140 

DIh 

Ic 

47 

S 

u 

500 

555 

10 

240 

Dlh 

Ic 

48 

S 

u 

300 

1,000 

17 

170 

DIh 

Ic 

49 

S 

u 

250 

500 

8 

355 

Dlh 

Ic 

50 

S 

u 

250 

1,000 

12 

003 

Dlh 

u 

51 

S 

o 

1,250 

1,650 

14 

195 

Dlh 

Ic 

52 

S 

o 

725 

600 

11 

215 

Dlh 

Ic 

53 

S 

0 

700 

2.000 

17 

175 

Dlh 

Ic 

54 

c 

RA 

700 

4,000 

14 

015 

Dlh 

u 

55 

c 

O 

330 

350 

18 

065 

Dlh 

u 

56 

s 

u 

200 

500 

20 

095 

Dlh 

u 

57 

s 

o 

400 

1,000 

20 

240 

Dlh 

u 

58 

s 

o 

700 

1,000 

II 

180 

Dlh 

u 

59 

s 

u 

500 

450 

9 

350 

Dlh 

u 

60 

s 

u 

150 

300 

17 

155 

Dlh 

u 

61 

s 

u 

150 

400 

27 

270 

Dlh 

u 

62 

s 

u 

50 

300 

20 

240 

Dlh 

u 

63 

s 

u 

100 

450 

8 

100 

Dlh 

u 

64 

s 

u 

100 

350 

15 

035 

Dlh 

u 

65 

s 

R 

125 

1,000 

8 

030 

Dlh 

u 

66 

s 

R 

200 

500 

20 

260 

MDhm-Dck 

t 

67 

s 

R 

200 

500 

20 

265 

MDhm-Dck 

t 

Marshlands 

129 

1 

c 

0 

1,100 

500 

20 

196 

MDhm 

u 

2 

S-EF 

O 

1,000 

750 

26 

320 

Dck 

t 

3 

S-EF 

O 

2,100 

750 

37 

308 

MDhm-Dck 

t 

4 

C 

R 

225 

175 

1 1 

180 

Mdhm 

u 

5 

DF 

O 

2,600 

1,300 

20 

154 

Dck 

u 

6 

C 

O 

1,150 

900 

23 

325 

Dck 

t 

7 

C 

R 

50 

600 

40 

270 

Dlh 

t 

8 

S 

R 

125 

100 

8 

270 

Dlh 

t 

9 

S 

R 

100 

475 

10 

260 

Dlh 

t 

10 

S-EF 

O 

1,750 

975 

17 

263 

Dck-Dlh 

t 

II 

C 

0 

600 

1,000 

20 

155 

Dck 

t 

12 

DF 

O 

1,750 

750 

18 

175 

MDhm-Dck 

t 

13 

DF 

O 

2,000 

1,000 

24 

100 

Dck 

u 

14 

DA 

R 

650 

125 

13 

010 

Dck 

c 

15 

S 

R 

360 

100 

1 1 

190 

Dck 

u 

16 

S-EF 

O 

700 

1,100 

18 

248 

Dck 

t 

17 

C 

R 

150 

130 

20 

190 

Dck 

t 

18 

S 

U 

350 

330 

31 

238 

Dck 

t 

19 

S 

R 

150 

135 

20 

205 

Dck 

u 

20 

s 

R 

150 

125 

7 

025 

Dck 

u 

21 

s 

R 

300 

175 

8 

no 

Dck 

u 

22 

s 

U 

75 

110 

11 

130 

Dck 

u 

23 

s 

U 

250 

225 

40 

295 

MDhm 

u 

24 

s 

u 

150 

150 

50 

240 

MDhm 

u 

25 

DF 

o 

1,225 

500 

24 

292 

MDhm 

u 

Meshoppen 

186 

1 

s 

0 

200 

800 

13 

204 

Dck 

t 

2 

s 

o 

680 

1.375 

29 

278 

Dck 

c 

3 

DS 

o 

485 

145 

13 

003 

Dck 

t 

4 

S 

o 

850 

1,500 

17 

040 

Dck 

t 

5 

DS 

R 

200 

355 

33 

102 

Dck 

t 

6 

DS 

R 

460 

120 

13 

205 

Dck 

c 

7 

DA 

R 

580 

90 

36 

235 

Dck 

c 

8 

S 

u 

90 

270 

22 

278 

Dck 

1 

Mifflinville 

373 

1 

DA 

o 

750 

175 

43 

350 

Dh 

c 

2 

DA 

u 

270 

95 

30 

048 

Dtr 

c 

3 

S 

R 

100 

220 

20 

010 

Mmc 

t 

2 

DS 

R 

100 

400 

60 

130 

Dlh 

t 

3 

DS 

R 

100 

325 

65 

154 

Dlh 

t 

4 

S-EF 

R 

175 

250 

34 

160 

Dlh 

t 

5 

DS 

R 

200 

525 

35 

155 

Dlh 

t 

6 

DS 

R 

100 

225 

25 

100 

Dlh 

t 

7 

DS 

0 

125 

250 

40 

no 

Dlh 

t 

8 

DS 

0 

175 

400 

57 

268 

Dlh 

t 

9 

DS 

0 

100 

200 

35 

133 

Dlh 

t 

Millerton 


46 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Millerton 

46 

10 

DS 

0 

280 

900 

14 

108 

DIh 

1 

(conrinued) 

11 

DS 

R 

300 

1,000 

16 

308 

DIh 

1 

12 

DS 

O 

no 

100 

18 

180 

DIh 

t 

13 

DS 

O 

105 

100 

52 

240 

DIh 

t 

Millville 

371 

1 

DA 

O 

650 

100 

8 

026 

Dh 

c 

2 

DA 

O 

300 

150 

10 

029 

Dh 

c 

Milton 

369 

1 

S 

R 

75 

100 

13 

310 

Swc 

u 

2 

DS 

R 

150 

100 

27 

235 

Sbm 

c 

3 

RF/RS 

R 

100 

100 

40 

090 

Doo 

r 

Monroeton 

138 

1 

C 

LI 

1,500 

1,650 

15 

015 

Dck 

g 

2 

S 

U 

100 

200 

70 

203 

DIh 

u 

3 

S-EF 

O 

575 

1,300 

16 

345 

Dck-Dlh 

t 

Monioursville 

273 

1 

C 

u 

140 

300 

43 

339 

Dck 

g 

North 

2 

DS 

u 

75 

80 

27 

125 

DIh 

u 

3 

DS 

R 

200 

850 

75 

070 

MDhm-Dck 

c 

4 

S 

R 

80 

100 

13 

315 

Dck 

c 

5 

S 

0 

100 

200 

20 

250 

Dbh 

c 

6 

DS 

O 

350 

100 

43 

093 

DIh 

c 

7 

DS 

0 

450 

100 

38 

093 

DIh 

c 

8 

DS 

O 

155 

150 

13 

255 

DIh 

t 

9 

DS 

R 

350 

200 

29 

260 

DIh 

u 

10 

DA 

R 

100 

300 

120 

035 

DIh 

c 

II 

DS 

O 

600 

200 

33 

170 

Dck 

c 

Montoursville 

321 

1 

RF/RS 

0 

450 

200 

42 

032 

St 

be 

South 

2 

S 

R 

150 

300 

20 

355 

Sc 

c 

3 

S 

0 

200 

250 

29 

340 

Sc 

c 

4 

C 

0 

2,250 

1,400 

39 

210 

Obe 

be 

5 

DF 

O 

250 

300 

75 

105 

Dtr 

u 

6 

DF 

0 

150 

250 

80 

110 

Dh 

u 

7 

DF 

O 

150 

200 

27 

122 

Dh 

u 

8 

DF 

0 

150 

150 

80 

110 

Dh 

u 

9 

DS 

R 

150 

300 

27 

010 

St 

be 

10 

DS 

R 

200 

150 

45 

355 

St 

be 

11 

DS 

R 

550 

200 

36 

000 

St 

be 

12 

DS 

R 

150 

250 

67 

358 

St 

be 

13 

DS 

R 

100 

200 

40 

012 

St 

be 

Morris 

176 

1 

S 

0 

150 

320 

33 

342 

Dck 

i 

2 

s 

O 

115 

230 

61 

220 

Dck 

t 

3 

s 

0 

115 

710 

52 

237 

Dck 

t 

4 

s 

O 

150 

300 

13 

262 

Dck 

t 

Muncy 

322 

1 

s 

O 

180 

900 

33 

030 

St 

be 

2 

s 

O 

100 

450 

10 

026 

St 

be 

3 

s 

O 

100 

400 

30 

020 

St 

be 

4 

s 

0 

80 

200 

38 

005 

St 

be 

5 

s 

O 

100 

300 

30 

010 

St 

be 

6 

s 

O 

100 

300 

30 

005 

St 

be 

7 

s 

O 

70 

225 

29 

002 

St 

be 

8 

s 

0 

150 

100 

53 

000 

St 

be 

Nanticoke 

328 

1 

RF/RS 

O 

1,600 

1,400 

33 

136 

Dck 

c 

2 

DS 

R 

520 

440 

54 

148 

Dck 

be 

3 

C 

R 

150 

140 

47 

150 

Dck 

g 

4 

C 

R 

140 

190 

43 

140 

Dck 

g 

5 

See  Shickshinny  quadrangle  (number  327).  landslide  14 

Nauvoo 

177 

1 

See  Libert}^  quadrangle  (number  178),  landslide  15 

Noxen 

232 

1 

DA 

O 

1,050 

170 

45 

252 

Dck 

be 

2 

C 

O 

480 

655 

33 

314 

Dck 

t 

3 

DS 

0 

940 

700 

32 

270 

Dck 

be 

4 

C 

0 

580 

600 

45 

240 

Dck 

be 

5 

DS 

O 

500 

150 

16 

286 

Dck 

e 

6 

S 

O 

280 

160 

57 

327 

Dck 

g 

7 

s 

O 

400 

300 

15 

326 

Dck 

g 

8 

DS 

O 

1,490 

295 

28 

260 

Dck 

be 

Oleona 

173 

1 

S 

u 

75 

100 

13 

250 

Dck 

u 

2 

C 

LI 

100 

200 

40 

060 

MDhm 

u 

3 

DF 

O 

2,300 

900 

25 

105 

MDhm-Dck 

be 

4 

S 

R 

125 

75 

80 

260 

MDhm-Dck 

u 

5 

c 

O 

600 

175 

32 

245 

MDhm-Dck 

u 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Oleona 

173 

6 

C 

O 

1,650 

1,000 

38 

148 

MDhm-Dck 

u 

(continued) 

7 

C 

R 

75 

75 

— 

315 

Dck 

u 

8 

c 

R 

75 

50 

— 

315 

Dck 

u 

9 

c 

R 

100 

50 

— 

315 

Dck 

u 

10 

c 

R 

100 

60 

— 

315 

Dck 

u 

II 

c 

O 

75 

700 

47 

270 

Dck 

u 

12 

c 

R 

50 

450 

40 

268 

Dck 

u 

13 

c 

0 

1,275 

750 

41 

100 

MDhm-Dck 

u 

14 

c 

O 

1,500 

1,400 

32 

080 

MDhm-Dck 

c 

15 

c 

R 

175 

100 

72 

310 

Dck 

u 

16 

c 

R 

150 

100 

72 

310 

Dck 

u 

17 

c 

R 

75 

75 

72 

310 

Dck 

u 

18 

c 

R 

400 

300 

33 

293 

Dck 

u 

19 

s 

0 

400 

500 

60 

325 

MDhm-Dck 

u 

20 

c 

U 

75 

550 

27 

320 

Dck 

u 

21 

c 

R 

50 

75 

— 

310 

Dck 

u 

22 

c 

R 

50 

75 

— 

310 

Dck 

u 

23 

c 

R 

50 

75 

— 

310 

Dck 

u 

24 

s 

U 

100 

125 

40 

030 

Dck 

u 

25 

DF 

0 

875 

300 

12 

278 

Dck 

u 

26 

C 

R 

100 

450 

40 

040 

Dck 

u 

27 

DF 

0 

100 

500 

12 

020 

Dck 

c 

28 

DF 

0 

1,050 

550 

13 

240 

Dck 

u 

29 

DA 

0 

560 

100 

28 

328 

Dck 

u 

30 

See  Short  Run  quadrangle  (number  172).  landslide  6 

Picture  Rocks 

275 

1 

DS 

R 

60 

50 

100 

235 

MDhm 

c 

Potter  Brook 

41 

1 

DF 

O 

2,725 

2,000 

12 

268 

Dlh 

g 

2 

S 

0 

1,625 

1,275 

13 

078 

Dlh 

u 

3 

DF 

O 

2,275 

1,625 

15 

097 

Dck-Dlh 

g 

4 

S-EF 

R 

150 

150 

17 

090 

Dlh 

u 

5 

S-EF 

0 

1,475 

495 

2 

260 

Dck 

u 

6 

S-EF 

0 

1,650 

1,075 

21 

072 

Dck 

g 

7 

DF 

0 

2,925 

1,225 

10 

060 

Dck 

g 

8 

S-EF 

O 

2,175 

950 

11 

295 

Dlh 

u 

9 

S-EF 

O 

3,175 

1,975 

15 

332 

Dck-Dlh 

u 

10 

S 

0 

1,225 

1,075 

24 

255 

Dck 

u 

II 

C 

O 

2,500 

2,225 

13 

no 

Dck 

u 

12 

s 

u 

225 

500 

22 

170 

Dlh 

u 

13 

c 

0 

1,075 

825 

22 

075 

Dck 

u 

14 

c 

0 

1,725 

1,175 

16 

160 

Dck 

u 

15 

DS 

RA 

1,900 

700 

16 

039 

Dck 

u 

16 

S 

RA 

1 10 

325 

9 

020 

Dck 

u 

17 

S-EF 

0 

1,025 

425 

19 

228 

Dck 

u 

18 

S-EF 

0 

1,375 

1,225 

13 

062 

Dck 

u 

19 

S-EF 

0 

2,325 

875 

19 

no 

MDhm-Dck 

u 

20 

DF 

0 

1,875 

1,200 

19 

131 

Dck 

u 

21 

S 

O 

625 

1,350 

14 

050 

Dck 

u 

22 

S 

R 

675 

1,500 

25 

050 

Dck 

u 

23 

S 

R 

425 

375 

20 

025 

Dck-Dlh 

u 

24 

C 

O 

1,065 

575 

42 

284 

Dck-Dlh 

u 

25 

S-EF 

O 

1,850 

525 

20 

284 

Dck 

u 

26 

S 

R 

425 

350 

21 

230 

Dlh 

u 

27 

C 

RA 

1,120 

640 

18 

288 

Dlh 

u 

28 

S 

R 

350 

225 

8 

300 

Dlh 

u 

29 

S 

U 

55 

175 

27 

040 

Dlh 

u 

30 

S 

R 

250 

550 

4 

130 

Dlh 

Ic 

31 

s 

U 

40 

100 

38 

205 

Dlh 

Ic 

32 

s 

u 

50 

150 

40 

165 

Dlh 

Ic 

33 

s 

u 

100 

225 

40 

175 

Dlh 

Ic 

34 

s 

u 

175 

350 

26 

215 

Dlh 

Ic 

35 

s 

u 

300 

225 

15 

200 

Dlh 

Ic 

36 

s 

u 

150 

1,000 

27 

330 

Dlh 

Ic 

37 

c 

u 

245 

460 

4 

350 

Dlh 

Ic 

38 

S-EF 

0 

1,910 

900 

12 

330 

Dck-Dlh 

u 

39 

S 

R 

375 

275 

53 

075 

Dlh 

u 

40 

S-EF 

0 

1,225 

925 

15 

249 

Dck 

u 

41 

S-EF 

0 

900 

375 

16 

249 

Dck 

u 

42 

S-EF 

O 

2,375 

650 

13 

234 

Dlh 

u 
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Table  5.  (Continued) 


Quad- 

S)ope 

Bedrock 

Surficial 

Quadrangle 

rangle 

Landslide 

Length 

Width  Percent 

azimuth 

geologic 

geologic 

name 

number 

number 

Type 

Age 

(feet) 

(feet) 

slope 

(degrees) 

unit 

unit 

Potter  Brook 

41 

43 

S-EF 

R 

475 

300 

II 

065 

Dlh 

u 

(continued) 

44 

S 

R 

425 

175 

11 

155 

Dlh 

u 

45 

S-EF 

R 

1,100 

150 

16 

280 

Dlh 

u 

46 

S-EF 

O 

550 

265 

13 

091 

Dck 

u 

47 

C 

O 

1,375 

675 

13 

215 

Dck 

u 

48 

S-EF 

U 

1,575 

825 

6 

225 

Dck 

u 

49 

S 

R 

250 

275 

9 

270 

Dck 

u 

50 

C 

R 

225 

75 

11 

250 

Dck 

u 

51 

s 

O 

1,200 

2,000 

13 

155 

Dlh 

Ic 

52 

DF 

O 

1,575 

900 

13 

093 

Dck-Dlh 

g 

53 

See  Sahinsville  quadrangle  (number  84).  landslide  2 

54 

S 

R 

250 

400 

16 

005 

Dlh 

Ic 

55 

s 

R 

200 

550 

18 

350 

Dlh 

Ic 

56 

s 

R 

800 

1,200 

8 

160 

Dlh 

Ic 

57 

s 

R 

350 

1,250 

13 

345 

Dlh 

Ic 

58 

s 

R 

250 

400 

14 

175 

Dlh 

Ic 

59 

s 

R 

450 

800 

16 

165 

Dlh 

Ic 

60 

s 

R 

350 

875 

13 

325 

Dlh 

Ic 

61 

s 

R 

300 

425 

10 

285 

Dlh 

Ic 

62 

s 

R 

250 

950 

20 

000 

Dlh 

Ic 

63 

s 

O 

1,300 

1,050 

8 

150 

Dck-Dlh 

Ic 

64 

s 

R 

325 

550 

15 

215 

Dck 

g 

65 

s 

R 

450 

1,720 

20 

205 

Dck 

Ic 

66 

s 

R 

250 

800 

24 

260 

Dck 

g 

67 

s 

R 

300 

925 

25 

220 

Dck 

Ic 

68 

s 

R 

300 

750 

17 

125 

Dck 

Ic 

69 

s 

R 

350 

500 

14 

050 

Dck-Dlh 

Ic 

70 

s 

R 

200 

750 

10 

070 

Dlh 

ic 

71 

s 

R 

325 

1,000 

12 

080 

Dlh 

Ic 

72 

s 

R 

425 

1,650 

16 

075 

Dlh 

g 

73 

s 

R 

150 

550 

17 

075 

Dlh 

g 

74 

s 

R 

200 

550 

15 

270 

Dlh 

g 

75 

s 

R 

250 

1,150 

24 

100 

Dlh 

Ic 

76 

s 

R 

300 

1,150 

20 

070 

Dlh 

Ic 

77 

s 

U 

550 

250 

9 

350 

Dlh 

ic 

78 

s 

u 

200 

250 

8 

185 

Dlh 

Ic 

79 

s 

R 

250 

275 

1 1 

270 

Dck 

Ic 

Powell 

137 

1 

S-EF 

O 

230 

900 

13 

118 

Dlh 

t 

2 

S-EF 

O 

780 

1,790 

10 

180 

Dlh 

t 

3 

S 

O 

130 

95 

8 

076 

Dlh 

t 

4 

S 

O 

190 

270 

21 

265 

MDhm 

t 

5 

S-EF 

0 

600 

870 

18 

181 

Dlh 

g 

6 

S-EF 

O 

750 

870 

13 

175 

Dlh 

t 

7 

S-EF 

O 

400 

1,500 

13 

211 

Dlh 

t 

8 

S-EF 

O 

680 

780 

25 

175 

Dlh 

t 

9 

S-EF 

O 

250 

950 

13 

350 

Dck 

t 

10 

S-EF 

0 

250 

600 

28 

032 

Dck 

t 

II 

S-EF 

0 

290 

600 

17 

351 

Dck 

t 

12 

S-EF 

o 

700 

500 

7 

002 

Dck 

t 

13 

DS 

o 

1,010 

385 

14 

094 

Dlh 

t 

14 

S-EF 

o 

400 

800 

13 

165 

Dlh 

t 

15 

C 

0 

1,200 

70 

8 

345 

Dck 

t 

16 

s 

R 

200 

800 

30 

340 

Dck 

t 

17 

c 

R 

1,300 

2,300 

29 

208 

MDhm 

c 

Ralston 

179 

1 

S-EF 

R 

250 

450 

68 

130 

Dlh 

t 

2 

S-EF 

R 

250 

450 

32 

050 

Dlh 

t 

3 

DS 

R 

200 

100 

20 

240 

Dlh 

t 

4 

DA 

R 

300 

200 

60 

175 

Dlh 

c 

5 

DS 

R 

175 

300 

34 

140 

Dlh 

c 

6 

DS 

R 

200 

250 

80 

220 

Dlh 

c 

7 

DA 

O 

1,100 

200 

46 

280 

Dlh 

c 

8 

DA 

O 

1,100 

150 

45 

280 

Dlh 

c 

9 

RF/RS 

0 

2,000 

1,500 

40 

315 

MDhm 

r 

10 

DS 

0 

200 

450 

25 

215 

MDhm 

c 

1 1 

See  Bodines  quadrangle  (number 

225).  landslide  2 

Renovo  East 

267 

1 

C 

R 

450 

250 

60 

080 

MDhm 

u 

2 

S 

R 

200 

200 

40 

265 

MDhm 

u 

3 

RF/RS 

R 

225 

1,700 

133 

205 

Dck 

r 

88 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surficial 

geologic 

unit 

Renovo  East 

267 

4 

RF/RS 

R 

225 

300 

142 

205 

Dck 

r 

(continued) 

5 

RF/RS 

R 

200 

600 

110 

200 

Dck 

r 

6 

DF 

O 

1,650 

500 

39 

210 

MDhm-Dck 

c 

7 

DS 

R 

100 

150 

30 

315 

Dck 

u 

8 

S 

R 

250 

250 

12 

000 

Dck 

u 

9 

DF 

O 

550 

250 

42 

130 

MDhm-Dck 

be 

10 

DF 

O 

625 

100 

42 

290 

MDhm 

be 

11 

DS 

O 

840 

275 

41 

350 

MDhm 

u 

12 

DA 

0 

1,250 

250 

54 

355 

MDhm-Dck 

be 

13 

DA 

O 

1,120 

275 

59 

350 

MDhm-Dck 

be 

14 

DS 

O 

1,275 

300 

55 

030 

MDhm-Dck 

be 

15 

DS 

O 

1,050 

200 

69 

348 

MDhm-Dck 

be 

16 

DS 

O 

1,150 

150 

67 

348 

MDhm-Dck 

be 

17 

DS 

O 

700 

100 

74 

343 

MDhm-Dck 

be 

18 

DS 

O 

650 

120 

77 

331 

MDhm-Dck 

be 

19 

DS 

O 

700 

50 

74 

328 

MDhm-Dck 

be 

20 

DS 

0 

575 

250 

87 

312 

MDhm-Dck 

be 

21 

DS 

0 

250 

150 

64 

292 

Dck 

be 

22 

DS 

R 

700 

50 

83 

301 

MDhm-Dck 

be 

23 

DS 

R 

750 

75 

80 

305 

MDhm-Dck 

be 

24 

DS 

0 

650 

350 

42 

254 

MDhm 

u 

25 

DS 

O 

1,175 

300 

28 

268 

MDhm 

u 

26 

DA 

R 

525 

150 

70 

008 

Dck 

u 

27 

DS 

R 

275 

200 

95 

026 

Dck 

u 

28 

S 

O 

950 

950 

47 

309 

MDhm 

u 

29 

S 

0 

350 

350 

40 

327 

MDhm 

u 

30 

C 

O 

1,750 

1,300 

18 

260 

Mb-MDhm 

c 

31 

c 

O 

1,450 

950 

28 

315 

MDhm 

c 

Renovo  West 

266 

1 

c 

R 

500 

400 

13 

225 

Mb 

u 

2 

c 

O 

600 

950 

20 

090 

Mb 

c 

3 

DF 

0 

1,300 

650 

9 

240 

Mb 

c 

4 

C 

0 

1,250 

1,450 

14 

110 

Pp-Mb 

e 

5 

s 

R 

250 

325 

32 

220 

Mb 

u 

6 

s 

u 

100 

250 

60 

135 

Mb 

u 

7 

DA 

u 

600 

125 

83 

310 

MDhm 

u 

8 

C 

R 

350 

1,500 

69 

250 

MDhm 

u 

9 

C 

O 

1,150 

2,300 

21 

160 

MDhm 

e 

10 

C 

u 

100 

500 

11 

150 

MDhm 

u 

II 

DS 

R 

200 

125 

110 

230 

MDhm 

u 

12 

DS 

R 

200 

75 

110 

230 

MDhm 

u 

13 

RF/RS 

U 

100 

1,750 

100 

225 

MDhm 

r 

14 

DF 

0 

1,750 

900 

24 

030 

MDhm 

e 

15 

C 

0 

750 

925 

66 

315 

MDhm 

u 

16 

C 

R 

500 

2,500 

64 

035 

MDhm 

u 

17 

C 

R 

175 

1,300 

91 

100 

Dck 

u 

18 

DA 

R 

675 

40 

89 

200 

MDhm 

e 

19 

DA 

R 

525 

40 

88 

205 

MDhm 

e 

20 

C 

RA 

1,150 

1,100 

26 

160 

MDhm 

c 

21 

DA 

R 

1,300 

100 

57 

300 

MDhm 

e 

22 

C 

R 

600 

700 

50 

105 

MDhm-Dck 

u 

23 

DA 

U 

1,150 

400 

61 

295 

MDhm-Dck 

u 

24 

DA 

U 

1,200 

300 

65 

355 

MDhm-Dck 

u 

25 

S 

R 

250 

350 

60 

025 

MDhm-Dck 

u 

26 

C 

0 

2,250 

1,400 

42 

340 

Mb-MDhm 

u 

27 

DA 

O 

600 

50 

87 

340 

MDhm 

e 

28 

DA 

O 

600 

50 

83 

340 

MDhm 

e 

29 

DA 

0 

725 

50 

88 

305 

MDhm 

e 

30 

DA 

O 

600 

100 

100 

305 

MDhm 

c 

31 

DA 

O 

900 

25 

82 

300 

MDhm 

c 

32 

DA 

0 

800 

50 

85 

310 

MDhm 

e 

33 

DS 

R 

500 

500 

64 

035 

Pp 

f 

1 

S 

R 

350 

275 

17 

208 

DIh 

t 

2 

DS 

R 

1,250 

800 

4 

350 

Dck-Dlh 

e 

3 

DS 

O 

100 

175 

15 

210 

Dlh 

t 

4 

DA 

U 

1,050 

100 

25 

355 

Dck 

c 

5 

DS 

R 

225 

375 

28 

170 

Dck-Dlh 

t 

6 

DS 

R 

125 

575 

24 

220 

Dlh 

t 

7 

DS 

R 

125 

200 

16 

240 

Dlh 

t 

8 

DS 

U 

50 

100 

10 

094 

Dck 

u 

Roseville 


89 
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Table  5.  (Continued) 


Quad- 

Slope 

Bedrock 

Surficial 

Quadrangle 

rangle 

Landslide 

Length 

Width 

Percent 

azimuth 

geologic 

geologic 

name 

number 

number 

Type 

Age 

(feet) 

( feet ) 

slope 

(degrees) 

unit 

unit 

Sabinsville 

84 

1 

See  Potter  Brook  quadrangle  (number  41).  landslide  52 

2 

DF 

0 

2,075 

825 

7 

035 

DIh 

& 

3 

C 

u 

100 

425 

50 

140 

DIh 

u 

4 

C 

u 

100 

900 

60 

135 

DIh 

u 

5 

C 

u 

225 

125 

58 

140 

DIh 

u 

6 

C 

u 

75 

400 

53 

100 

DIh 

u 

7 

C 

u 

250 

275 

32 

062 

DIh 

u 

8 

S 

R 

150 

150 

<10 

150 

DIh 

!c 

9 

S 

u 

75 

225 

27 

318 

Dck-Dlh 

u 

10 

DF 

0 

1,800 

1,025 

21 

090 

Dck-Dlh 

t 

1 1 

S 

u 

50 

300 

<10 

260 

Dck 

Ic 

12 

S 

u 

50 

425 

<10 

230 

Dck 

Ic 

13 

C 

u 

50 

75 

20 

225 

Dck 

u 

14 

C 

u 

100 

275 

20 

190 

Dck 

u 

15 

C 

u 

50 

300 

60 

180 

Dck 

u 

16 

C 

u 

150 

575 

67 

080 

MDhm 

u 

17 

S 

u 

175 

425 

29 

050 

MDhm 

u 

18 

c 

R 

75 

400 

13 

060 

Dck 

g 

19 

c 

R 

100 

500 

10 

015 

Dck 

g 

20 

c 

R 

150 

100 

33 

125 

Dck 

g 

21 

c 

R 

225 

1,150 

31 

130 

Dck 

c 

22 

c 

R 

150 

1,000 

27 

145 

Dck 

c 

23 

c 

R 

200 

1,000 

45 

180 

Dck 

c 

Sayre 

49 

1 

s 

O 

380 

750 

17 

130 

DIh 

Ic 

2 

s 

R 

200 

1,150 

15 

198 

DIh 

Ic 

3 

s 

R 

150 

no 

80 

290 

DIh 

c 

4 

s 

R 

130 

90 

69 

270 

DIh 

c 

5 

s 

R 

125 

115 

24 

228 

DIh 

c 

Shickshinny 

327 

1 

s 

R 

140 

150 

14 

185 

Dtr 

c 

DS 

R 

300 

130 

20 

250 

Dtr 

c 

3 

DS 

0 

650 

170 

39 

270 

Dtr 

be 

4 

S 

R 

95 

160 

1 1 

330 

Dtr 

u 

5 

DS 

R 

680 

400 

35 

060 

PI 

r 

6 

DS 

R 

270 

230 

15 

075 

PI 

f 

7 

S 

R 

— 

— 

— 

— 

PI 

f 

8 

DF 

O 

540 

95 

9 

245 

Dck 

c 

9 

S 

R 

310 

690 

58 

220 

PI 

f 

10 

S 

R 

310 

200 

58 

235 

Pp 

f 

11 

RF/RS 

0 

180 

175 

28 

145 

Mmc 

be 

12 

RF/RS 

0 

215 

180 

47 

090 

Mmc 

be 

13 

RF/RS 

0 

220 

150 

59 

082 

Mmc 

be 

14 

S 

0 

1,650 

1,180 

41 

150 

Mp 

c 

Short  Run 

172 

1 

DS 

U 

1,100 

200 

36 

003 

MDhm-Dck 

u 

2 

DA 

u 

900 

200 

29 

335 

Dck 

u 

3 

C 

o 

1,700 

600 

14 

320 

Dck 

u 

4 

DA 

u 

1,100 

175 

26 

020 

Dck 

u 

5 

RF/RS 

R 

150 

750 

27 

060 

DIh 

r 

6 

C 

O 

1,750 

750 

39 

142 

Dck 

c 

7 

C 

O 

900 

600 

21 

022 

Dck 

u 

8 

C 

O 

500 

500 

32 

310 

Dck 

u 

9 

DA 

u 

1,850 

250 

32 

035 

MDhm-Dck 

u 

10 

DF 

RA 

1,700 

600 

42 

290 

Dck 

c 

1 1 

DA 

U 

400 

250 

38 

290 

MDhm 

u 

12 

DF 

0 

1,500 

350 

45 

048 

MDhm 

c 

13 

DF 

0 

1,450 

300 

45 

048 

MDhm 

c 

14 

DF 

0 

1,150 

350 

46 

020 

MDhm 

c 

15 

C 

o 

1,050 

700 

25 

140 

Dck 

u 

16 

C 

o 

3,450 

2,250 

15 

340 

MDhm-Dck 

c 

17 

S-EF 

0 

800 

600 

60 

130 

MDhm 

c 

18 

S-EF 

o 

850 

450 

48 

046 

MDhm 

c 

19 

S-EF 

o 

1,050 

300 

44 

080 

MDhm 

c 

Slate  Run 

220 

1 

DA 

u 

450 

100 

24 

1 10 

MDhm 

u 

2 

DF 

u 

350 

100 

46 

320 

MDhm 

u 

3 

C 

o 

400 

300 

50 

345 

MDhm-Dck 

u 

4 

DA 

o 

700 

75 

54 

268 

MDhm 

u 

5 

DA 

o 

750 

100 

43 

265 

MDhm 

u 

6 

DA 

o 

950 

100 

47 

260 

MDhm 

u 

7 

DA 

0 

850 

150 

49 

290 

MDhm 

u 

8 

DA 

0 

1,325 

100 

45 

280 

MDhm 

u 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surflcial 

geologic 

unit 

Slate  Run 

220 

9 

DA 

R 

1,250 

100 

45 

320 

MDhm-Dck 

u 

(continued) 

10 

DA 

R 

1.000 

100 

55 

320 

MDhm-Dck 

u 

Snow  Shoe 

360 

1 

See  Snow  Shoe  SE  quadrangle  (number  361),  landslide  6 

2 

S 

R 

650 

375 

20 

200 

Mmc-Mb 

u 

3 

C 

R 

375 

875 

35 

035 

Mb 

f 

4 

C 

R 

400 

475 

33 

345 

Mb 

f 

5 

c 

R 

375 

700 

29 

330 

Mb 

f 

Snow  Shoe  NE 

314 

1 

DA 

U 

750 

200 

40 

352 

MDhm 

u 

2 

DA 

U 

1,400 

350 

51 

345 

MDhm 

u 

3 

DF 

0 

1,700 

450 

48 

050 

MDhm-Dck 

c 

4 

DA 

u 

500 

200 

48 

095 

MDhm 

u 

5 

DA 

u 

450 

150 

40 

075 

MDhm 

u 

6 

DF 

o 

1,500 

550 

17 

350 

MDhm 

c 

7 

DF 

0 

1,450 

500 

50 

260 

MDhm-Dck 

c 

8 

DF 

0 

1,000 

400 

56 

240 

MDhm 

c 

9 

DF 

0 

1,400 

600 

24 

100 

Mb 

c 

10 

C 

0 

750 

400 

16 

230 

Mb 

u 

1 1 

C 

o 

700 

756 

17 

095 

Mb 

u 

12 

S 

RA 

800 

1,000 

58 

010 

MDhm 

u 

13 

DF 

0 

1,500 

750 

40 

015 

MDhm 

c 

14 

DF 

O 

1,750 

750 

43 

290 

MDhm 

c 

15 

DF 

0 

2,500 

750 

10 

042 

Mb 

c 

16 

DF 

0 

1,300 

750 

12 

265 

Mb 

c 

Snow  Shoe  NW 

313 

1 

DA 

u 

400 

300 

20 

070 

Mb 

u 

2 

S-EF 

u 

750 

400 

36 

105 

MDhm 

u 

3 

C 

0 

1,550 

1,900 

36 

115 

Mb-MDhm 

u 

4 

S 

R 

100 

500 

80 

130 

MDhm 

u 

5 

DF 

u 

2.000 

400 

28 

320 

Mb-MDhm 

c 

6 

DF 

u 

1,450 

900 

46 

035 

Mb-MDhm 

c 

7 

DA 

u 

500 

2,500 

no 

140 

MDhm 

c 

8 

C 

o 

1,250 

1,300 

22 

no 

MDhm 

c 

9 

RF/RS 

u 

100 

3,500 

20 

230 

MDhm 

u 

10 

RF/RS 

u 

100 

300 

20 

140 

Mb-MDhm 

r 

II 

C 

RA 

1,500 

1,000 

33 

295 

MDhm 

u 

12 

DF 

O 

1,550 

650 

57 

295 

MDhm 

c 

13 

DF 

R 

1,150 

600 

61 

033 

MDhm 

c 

14 

C 

0 

850 

750 

49 

053 

MDhm 

u 

15 

C 

0 

1,660 

750 

48 

230 

MDhm 

u 

16 

C 

O 

1,650 

600 

44 

040 

MDhm 

u 

Snow  Shoe  SE 

361 

1 

C 

O 

2,150 

1,450 

13 

083 

IPp-Mmc-Mb 

u 

2 

DF 

O 

1.500 

1,200 

15 

020 

IPp-Mmc 

c 

3 

DF 

0 

1,825 

500 

25 

185 

Pp-Mmc-Mb 

c 

4 

A 

0 

850 

1,000 

25 

045 

Pp-Mmc 

c 

5 

DA 

u 

800 

425 

16 

005 

Mmc-Mb 

u 

6 

DF 

0 

1,050 

600 

25 

150 

Dck 

c 

7 

DF 

0 

1,075 

325 

15 

022 

Mb-MDr 

c 

8 

DF 

0 

1,350 

650 

31 

150 

Mb-MDr 

c 

9 

DF 

0 

2,550 

1,200 

24 

165 

M Dr- Dck 

c 

10 

A 

o 

2,750 

1,350 

18 

055 

MDr-Dck 

c 

II 

DS 

R 

200 

1,800 

40 

240 

MDhm 

c 

Sonestown 

276 

1 

DS 

R 

260 

140 

8 

088 

Dck 

c 

Sweden  Valley 

81 

1 

S-EF 

O 

900 

550 

33 

284 

MDhm 

be 

2 

DF 

O 

1,800 

100 

8 

160 

Dck 

c 

3 

C 

O 

1,900 

1,000 

20 

103 

MDhm-Dck 

u 

4 

DS 

O 

600 

700 

33 

310 

Dck 

u 

5 

C 

0 

1,300 

800 

22 

120 

MDhm-Dck 

u 

6 

DF 

O 

950 

400 

8 

114 

MDhm-Dck 

c 

7 

DF 

O 

550 

275 

16 

275 

MDhm 

u 

8 

DF 

O 

1,200 

300 

18 

305 

MDhm 

u 

9 

C 

0 

1,100 

1,000 

18 

140 

Dck 

c 

10 

S-EF 

R 

250 

200 

18 

150 

Dck 

c 

II 

C 

0 

700 

2,000 

13 

248 

Dck 

c 

12 

DF 

0 

1,600 

1,175 

26 

028 

MDhm 

be 

13 

DS 

0 

1,500 

150 

9 

000 

Dck 

c 

14 

DF 

0 

2,800 

300 

7 

185 

MDhm-Dck 

c 

15 

C 

O 

1,000 

5,090 

II 

030 

Dck 

c 

16 

C 

O 

300 

275 

17 

310 

Dck 

u 
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Table  5.  (Continued) 


Quadrangle 

name 

Quad- 

rangle 

number 

Landslide 

number 

Type 

Age 

Length 

(feet) 

Width 

(feet) 

Percent 

slope 

Slope 

azimuth 

(degrees) 

Bedrock 

geologic 

unit 

Surtlcial 

geologic 

unit 

Sweden  Valley 

81 

17 

C 

O 

425 

400 

19 

304 

Dck 

u 

(continued) 

18 

C 

R 

350 

175 

7 

250 

Dck 

u 

19 

DF 

O 

1,300 

225 

15 

208 

MDhm 

u 

20 

C 

0 

600 

700 

27 

288 

Dck 

u 

21 

C 

R 

400 

600 

25 

230 

Dck 

u 

22 

DS 

O 

1,200 

1,300 

25 

145 

MDhm-Dck 

u 

23 

DF 

O 

1,200 

400 

20 

180 

Dck 

u 

24 

C 

O 

800 

600 

28 
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BROOKUVND 


APPENDIX 


107 


'XJranTille  Swnmil 


(OAOl'CAl 


SCALE  ~1 -62500 


ROAO  CLASSIFICATION 

Light  duty  fojd, 


hard  Surface 


Secondary  high, 

hard  surtace 


CONTOUR  INTERVAL  20  FEET 
DATUM  IS  MEAN  SEA  LEVEL 


Interstate  Route 


■1 

/ 

QUtOUMCLE  LOO’ON 


CANTON 
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LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1-  BY  2-DEGREE  QUADRANGLE 


'CBoa-:eo 


1 670  000 

iFecT 


;;i42’30' 


Uaple  Hill 


TChewT  ‘ 


lAnJfia 


77-07'30' 


ROAR  CLASSIFICATION 

UgTit-duty  road,  hard 
— , ■ -I  imprcred  >urf]je  . 


SCALE  52500 


PdmarY  hignway 


So'-Of-dary  hrghivs, 

ha'O  _ U-'iirT-.;,-o»<'d  road 


Pcul'*  ^ ' U S Royf#  Sia^r*  Pajif 


CHERRY  FLATS 


APPENDIX 


11)'-^ 


77^0* 


4210'  k' 


Corl>«tV 


4!*37-30' 


SCALE  ~1  62500 


BOAO  ri  4SS.'nCATlON 


CHERRY  SPRINGS 


W <Jr,p-u,  \v  ^ K fj. 
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LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1-  BY  2-DEGREE  QUADRANGLE 


i-fiid 


1 


SCALF  ~1  B2500 


CONIOUO  I^TeRVAL  20  « EET 
..AiciM  M,iS  '.f*  iCvEt. 


ROSO  CLASS'flCAIlON 

Hejvydj'r  Ug‘''<fufy  — 

HMcmiJuty  _ El'i  niptow)  d'ft  .. 

; IDS  Rdule  < , Slots  Roule 


COGAN  STATION 


APPFNDIX 


78W 


41*37-3(r 


'w;. 


PoiB« 


41*3&' 


CONRAD 


114 
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UlK  C»‘e  1V.I)  MMlMfTlC  HOeTH 


i mo-tiC® 


CONTOUft  INTERVAL  20  f££T 
DATUM  rS  MEAN  STA  lEvCL 


L'ght-duty  - Unimpiwed  d'll 


UNNSTLVASU 


QUADUNGie  UXATION 


DUTCH  MTN 


APPENDIX 


115 


.Kax^ 


' Wat4ni 


.pisg^n 


Btnmtti! 
'■  M.IleA 


■jsooec 


SCALE  ~1  62500 


;0AD  CLASSlP'CAT  CN 


CONTOUfi  INTERVAL  20  TEET 
0»TUM  >S  M£*N  SCA  lCv£L 


PEXXSTl' 


EAST  TROY 
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ELKLAND 


APPENDIX 


117 


NEWjjTJRK 


ElliAburj? 


SCALE  'vl  62500 


OOAO  c.  AjSiFlCATiOS 


f 

.. . 

, V; 

3C' 


ELLISBURG 
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32  30- 


77*3r30* 
•15'  (*T— • 


^Pl  tatCN  umQm 


TATE 


12  30* 


s T A tJie\h 


RPROnt 


tTfATR  fol 


4l*07'30' 


'2040000  rctr 


"7'  / / 

i tNr' 

,o  1 / • / 

SCALE  ~1  62500 


CONTOUR  INTERVAL  20  FEET 
DATUM  IS  MEAN  SEA  LEVEL 


ISTLVAWU^^ 


ROAD  CLASSIFICATION 

PriiTiAry  highway,  all  weather,  Ughl-duty  road,  all  weather, 

hard  surface  improved  surface.  ■ 

Unimproved  road,  fair  or  dry 

weather  ......... 

Slate  Route 


OUAOAANOLt  LOCATION 


FARRANDSVILLE 


APPENDIX 


1 19 


4yrc‘ 


liUte 


6r30 


ia’trti  P)l 


Stotiltv 
Lakt  , 


.Ch«eanul 


Frtef«J«vill? 


STATE  f.AJA^'tAKDH 


Coram 


630  000 

TErr 


2450  000  feet' 


ilawtohi'  <u 


SCALE  'N'l  62500 


Pri'njry  highwa,  Ji  Leg*'' 

hard  surlics  ' 

Sp^onciary  ail 


hard  Surtj; 


CONTOUR  INTERVAL  20  FEET 
NATIONAL  GCOOmC  VERTICAL  DATUM  OF  1929 


f^NNTT-l  vANk* 


0 *II  ifNCi- orri  <ii  2 ) • • « 

•*''  J_  ..  . fi.jr-&sys<si--  ' * T-T/S?.  --  ~ 

iQUBHANKA  CO  / ' 

\ ! f - 

■'ibii- ; 

1 - • -.UL 

1 ■ 1 / 

fi  ‘ 

FRIENDSVILLE 
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7riT3<y 


JOWOOpfEtTr 


42  3^ 


?7'3/30' 


SCAIF  "^1  B2Bno 


P0»D  CLA-SSIPi; 


Irric'Crv*^ 


Ui'''r.prcrrt  drrt 
hs'd  vjrtjce  . 

( }Sioi«  P'lv'e 


GALETON 


APPENDIX 


121 


‘f>OSCvitL£> 


.STOm 


SCALE  ~1:62500 


ROAD  CLASSIFICATION 


Pnmafy  highway, 
hard  Surface 


Lightduty  roa<J.  hard 
ifp'CiyM  surface  _ 


Secordarv  high, 
hard  Surface 


Unimproved 
S Route  i 


CONTOUR  tNTERvAL  20  F£€T 
NATtONAt  GEODETIC  VtiHIGAL  OATliM  V 1929 


Merstate  Roule 


GLEASON 
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(&LATE 


12060000  FECT 


ROAO  CLASSIFICATION 


SCALE  ~1:62500 


HMvy-duty 


Lighl-duty 


Un'rnoro*ed  i>i 


CONTOUR  INTERVAL  20  FEET 


■n'^ .AY  

1 1 / 

M>ifh>ii^  1 ) I HU y.  /\ 

f ! 1 1\ 

GLEN  UNION 


APPENDIX 
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76‘52'30' 


iCA^fTom 


4r37'30' 


Grover 


I^RRB' 


S^SO' 


32’30' 


2 2MOOO  TfET 


iBAneoufsi 


ROAD  cuss'ncAnoK 

L'gt'l-dirtv  fold  hird 


SCALE  ~ 1,62500 


Pnniry  highunt 
h»fd  Surface 
Secondiry  higriws;. 
hifd  Surface 


''T'pfwed  Surface 


_ UnrmprQvfd  road  . •- 

U S Route  O Stitf  Route 


CONTOUR  INTERVAL  20  FEET 
DATUM  IS  MEAN  SEA  LEVEL 


Interstate  Route 


OCCL'WitiON  «T  CEMILB  O'  a 


ouAMAMor  LConoN 


GROVER 
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|I960(M0  Ftrr 


porrfet'  eg 


UUOTON  CO' 


»Tey  Fork 


SCALE  ^1:62500 


ROAD  CLASSinCATION 


CmNTOUR  interval  pn  feet 

C«!i  M I'.  Mr*N  '■?»  ItvtL 


H»»0  S'jOfACE  ALL  WEATHFP  BOADS  OTr  WCAT"£B  SOAPS 

Heatvduty.. Imeroverf  dirt 

Med  urn  duty.  — UNmproved  dirt 

Loose  surtace,  graded,  or  narrow  hard  surtace 


Stale  Route 


1 


HAMMERSLEY  FORK 


APPENDIX 


125 


^^TEL'nfN  ro 
'“VDTTKK  cy 


H.irrr^'^  Vallv^ 


DepnT 

Hllf, 


Pcttwr. 


R / 

/f" 

,C12 ; ; ( ^ ; 

■ ' '' 

7’’ 

‘ ! 

■ 1 

<;rAi  E ~i-62500 


HARRISON  VALLEY 
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SCALE  'vl  62500 


(3  State  Route 


HARVEYS  LAKE 


APPENDIX 


127 


HILLSGROVE 
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LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1-  BY  2-DEGREE  QUADRANGLE 


''p.vrrr® 


S T A-TK-r-F^  KE  S T- 


Rnmoly" 


Si 


‘How^ard, 


SCALE  -''1  62500 


ROAD  CLASSIFICATION 


Light <luty  road,  all  weather, 
improved  uriace 
Unimproved  road,  fair  or  dr) 


Primary  highway,  all  weather, 
hard  '^urfare 

Secondary  highway,  all  weather 


hard  surface 


CONTOUR  INTERVAL  20  FEET 
PA'uM  iS  MEAN  SEA  -.FrEl 


APPENDIX 


129 


.Fr<"neht<i^ 


iSHiNoroAivaLCi 


SCALE  -vl  62500 


ROAO  CLASSIFICATION 

L'ght-duly  ro»d.  h 
improved  ^urieee 


Prim»rv  h(ghi»»». 
Secondery  i''g»'wai 


CONTOUR  INTERVAL  20  FEET 
MriONAL  CeODETiC  vfRIIC*L  DATUM  OF 


iter«e»e  Route 


U ' 

f ■ "•  '• 

— • •’  / ' 

, 

QUUVUNCLC  UOCATIOM 


HUGHESVILLE 
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(O^ogoui^Si 


'nAi>/' 


SCALE  ~V62500 


^ ^ 0 I •iii)*rrti! 


CONTOUR  INTfSVAL  ^0  FfET 
N*II0N»1  crCDtTiC  vERTtCH  OAIUM  Of  IV;”) 


I'M  OBI?  WD  rtmt  tWiUnX  lOFTV 

ore  *T  ei  nHb  OA  SHtii 


^T^HTTlvAhiA 


R0*0  CLASsiFirjiTlON 

MeSiym-dytY  _.  Uriimpicivsd  d''t  . 

Roi'ip  ' 'US  R-iiiie  • S'.otc  Roulf 


HUNTERSVILLE 


APPENDIX 


131 


•LNEW  YORK 


\ ASIA 


'ANU'» 


Kpctj 


TIoffa  . 
I'Junction 


Jsokae-n  r‘^ 

Sumnuu'-^^ 


SCALE  ~1:62500 


1 ,1 

\ 

1 . 'i  .1 

' f 

\'  ' ^ ' 1 

■V  ^■s 

V’  ^[t{j 

Jl  ■ ' V 

. j?*,  - C ^ '.  1 ^ i'-' ' ‘ 

AAA,- 

/ 

1 

/ 

->nt-l9  .sreBvai.  20 
NMiOH*l  OFOC^TIC  vttlliCAL  0AT\JM  OF  .979 


JACKSON  SUMMIT 
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2 130000  FECr 


390000 

fEET 


,^rjSQUBffAN^A 


<IOOANTOHI 


SCALE  ''^1:62500 


f?OAO  CLASSinCATION 


Heavy-duty 

MaJium-dut/- 


Ughl-duty 


Unimproved  dirt 


CONTOUR  INTERVAL  20  FEET 
DOTTED  LINES  REPRESENT  lOFOOT  CONTOURS 
NATIONAL  GEODETIC  VERTICAL  DATUM  OF  1929 


JERSEY  SHORE 


APPENDIX 


133 


SCALE  ~1  62500 


Hf»A  ‘i-t* 


■■>N'^nuR  INTEPvflL  .''■i  fEET 

OtTux  I'.  Hf  a><  -.il  I .>  . 


KEATING 
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LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1 BY  2-DEGREE  QUADRANGLE 


i^rTTL'vUli- 


hoCT'f^-yllle 


M r,«i  let 


CobWe’ 
|HrtoW  j 


'PoiM' 


>thn  llQllAtv 


Jill-iflrtit). 


j^\TXi.<;noFtD. 


scale  ~1  62500 


KEENEYVILLE 


APPENDIX 


135 


’i-NEW  YORK 
PFNNSYLVANL^ 


'T'EKNijyi.VAMA 


'I^KnjncvHlft 


ooq: 

FEETK 


.ml* 


•^j'scy 


'Sjl  ?07c-oof; 


SCALE  Tvl  62500 


'ijR  rNTERvAL  TO  fEFT 


KNOXVILLE 
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136 


76*07'30' 


?yOOOO  FtCT| 


mow! 

r££I| 


(JCNNiytOS  V'LLEI 


76*07'30' 


SCALE  '^'1 -62500 


ROAD  CLASSinCATfON 

Kwvv<Juty  I — — LigM4ju(y  _ 

Medium^uty  Un>n<pf(Md  dirt ... 

U S Roijle  ( ) Slate  Route 


ciuouhcu  lOonoN 


LACEYVILLE 


APPENDIX 


137 


LAIRDSVILLE 


LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1-  BY  2-DEGREE  QUADRANGLE 


fiOAo  Classification 


SCALE  62500 


higfiw3<  3'i  iireaihet.  Li£M-<!ui>  t&ad  aii  weaihet 
'.u'lace  . I'nf'cved  tu'iACO  - - 

S'Ci"d»f>  highirt*.  all  wea'Fie'  y^imprij»?d  foad.  laif  of  d^ 

hard  tjr'ace  . . weather  .p..... 


:o  TEtT 


$tat» 


A S 

1 

■ ^ / ■/ 

' ' ' \ 

! ' 

, 

"/•'■'  / 

■'  c/ 1 ■'  A \ \ 

's  " 

_ 

/ A.-'\  \1 

' t) 

A'  : . \ ; . 

''rd'V  W 

^ .'d 

1 ' ■>?  , 

X 1 ; 1 L' 

, ,ddL' 

( /'■ 
■11  <1 

K 'i  j , -/ 

W ■ / I 

A \ 

LAWTON 


APPENDIX 


1 


41*37-3(r 


SCALE  ~V62500 


INTCOVAl 


LEE  FIRE  TOWER 
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12- 30' 


76^7'30‘ 


Z«40000  FECT 


r»Jc^H«e 

' { Cornel* 


iRoetwU 


•Le  Raysville 


47'30' 


....  76.o7.3o- 

ROAD  CLASSmCATlON 

PfUiirf  nigharay.  all  weaihe'  LigM.dv/ty  road,  all  weather. 


SCALE  <'^1  62500 


improved  sortace. 


hard  surface 


Secondary  highway,  all  weather.  Unimproved  road,  fair  or  dry 


hard  surface. 


1 \ \^- 

CONTOUR  interval  20  FEET 

NATIONAL  GCOOtTiC  VEBIICAL  DAIcjM  OF  19?9 


U S Bou'.»  ‘!__)S'3te  Rouir- 


ouKMAMae  uxATCN 


LE  RAYSVILLE 


APPENDIX 


141 


SCALE  -''I  62500 


ROAD  CU^T'lDCATiON 

Primary  highway  'jly  rjal  “I'l  ■-> 

S*Ca-^3ry»-.,gh«j, 

hard  surtacr  Unimr'  ''.’-i '-la  ...- — - 

(^iMfritai#  Raiitf  Hu  ^ fioi.-e  i,  t 


OuM»>v^I  tiXuriO' 


LEROY 
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LIBERTY 


APPENDIX 


143 


tS^LLAPASaU^QI 


^Antes  Fort 


3SOOOO 

ll’07'30"  ' 


>IS  tC^»<?O^LL> 

SCALE  ~1;62500 


RO*?  CLA>r''' AATiON 


Hej>vduty 


LINDEN 
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LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1-  BY  2-DEGREE  QUADRANGLE 


UEBSEY  MILLS! 


|2  100000  FEET 


390000 

F€a 


EEjt; 


-ri!  U K'N  S T E 

Cr:r?-7  T / /■  - 


r'.  j;  ^ 

' , !U^  nsio 


lorkprjft 


jr^Ki  •<'  ^ 

,jw»s  '^K. 


1.4/D  FAr.t.K  sjAT^FOflRSt 


Castanea 


SCALE  ~1  62500 


RO&O  CLASSIFIWTION 


Hea/f-duty 


Light-duty  ^ 
Unimp"wsd  dirt  •• 
C~ ; Stala  Route 


Medium-duty 


iMOlJP  iNTEftVAl  ?0  FfET 
ISC',  crpPESCNT  lOFOCit  fONTOiiS'l 
r,;r--fi'C  veotic*'.  C»I'.i“  -'f  19^9 


r-OTTECi  II 
S AT-CNAL. 


' P'  ■ 

K '■ 

{ 

! ' ' ■ 

\ - ■ ./ 

■ » 

V'  ■,  '■  V - ■ 

! f' 

LOCK  HAVEN 


APPENDIX 


145 


OAMbaf 


ST*T« 


A^/ViA.  MiM 


j.Ma'fefield'-' 


-ii***- 


- ---7 

■ J ' . 

a-'. 

■‘T  V i 

N:^ 

_ jr  ^ ^ 

r \ / 

r t .,  ' / 

\ ' 

r \ : 

, ' ' 

i ' 

^UGflOAMO  I9M  tuOtTIC  NOTTH 
OfCIIWTiOM  AT  CUiTtKO'  ^T-fET 


SCALE  ~1  62500 


CONTnijp  (NTTPVAl.  jn  FFET 
NATIONAL  GEOOrtiC  VCRIiCAL  DATOU  OF  1979 


rtxNra  VANIA 


MANSFIELD 
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STALE  62500 


MARSHLANDS 


APPENDIX 


147 


TXkfi 


MESHOPPEN 


148 
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SCALE  -Vi  62500 


CONTOUR  INTERVAL  20  FEET 
NATIONAL  CEOOCnC  VTRTICAl  DATUM  Of  1«9 


Mfdium-duty , 


Unimproved  dul 


^ S Route  sate  Route 

(^Interstate  Route 


OUAPeuCU  (.OCADON 


MIFFLINVILLE 


APPENDIX 


149 


MILLERTON 


150 


LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  1-  BY  2-DEGREE  QUADRANGLE 


-.=1-== 


SCALE  -N'T  62500 


ROAD  CUSSIFiCATtON 

Pfimiry  highway.  Light-dirty  foad,  hard  or 

hard  iurfac«  improved  surface  -- 

Secondary  highway, 

hard  surface  Unimproved  road  

i ' ini»rytate  Route  i_l  B 5 Route  Osute  Route 


MILLVILLE 


APPENDIX 


151 


iTi/rtxitville  \ 


310000 

FEEr 


ROAD  CLASSif'CATiCN 


M«jiurr'jJu*y 


CONTOUR  INTERVAL  20  FECT 
DATUM  IS  MEAN  SEA  LEVEL 


auAOAXSGlt  LOCATOl 


MILTON 
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2 


Tiiwanda 


Mrr* 


S70  000 
FEfT 


4?-30- 


uHLiherty  Cot 


FonefiT' 


SoulflV 

/Btanch^' 


SCALE  ~1  62500 


»0*D  CLASSifCSTlON 

I 'g''  4 jfi  'OtiJ 

'.v'^dcr 


Sfconflary  high«ray 

I'i'd  i'jriacF  _____  {l(>"ocr<ytKl  <nail 


T'^iNTOUR  INTEOy*!.  JO  ffCT 


ij  S Pcu*»  Sia'i"  P'Tuif 


MONROETON 


APPENDIX 


153 


MONTOURSVILLE  NORTH 


154 


LANDSLIDE  SUSCEPTIBILITY  IN  THE  WILLIAMSPORT  I-  BY  2-DEGREE  QUADRANGLE 


IUONTOuaSVILL£ 


2 WyO  I 


iLl/l AinorUn » i 


Allens 


3MODO 

f€£J 


M^-RIVER- 


>33  I221OOOO  FEtT 


tALLCHWOOOl 


SCALE  'Vireasoo 


ft 

-^j  ctt 

ftOAO  CLASSIFICATION 


irrw  csiD  w<D  I9K  UACMcnc  NOtrm 
KCUXAnoH  K7  CCMTU  V SKCCT 


CONTOUR  INTERVAL  20  FECT 
NATIONAL  CCOOETIC  VERTICAL  DATUM  OF  1929 


HMVir<^vty  Ughl-djtr  ■ 

Medium-duty  — — ■ Unimpro^did  ....... 

Intcfslate  Route  S Route  Q State  Route 


MONTOURSVILLE  SOUTH 


APPFNDIX 


155 


THitTA, '^r^TE  EORKSr 


^.YWi 


n*3cr.^_ 

77’22'3Cr’ 


/; 

1 ■ 

. ' 

■Pta--.  >• 

V’*' 

V A-.-'  -■ 

MORRIS 


156 
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2 270000  FEO 


WOLF 


^;PennsdaJ 


ro>iRAiL 


WOLF 


3MOOO 

FEET 


rf-sr- 


Llmr  Bfqfrj 


moo-m  tain 


12'30' 


'liT'Aie  f 

ITI’TION 


.gpANCH 


— iJ  4I’07'30‘ 
76"45’ 


SCALE  •'-1  62500 


ROAD  ClASSIFiCATlON 


Hf  Jrt 


Unimp'oi^a  ^irt 


fluty 


( jint'f'.'ai?  Roiitf  ) Ju  S Route  Instate  Route 


ai 


MUNCY 


APPENDIX 


157 


Hwftlucit 


Jhr^yl 


SCALE  ~1  62500 


rT.STAl.IR  INTfRVAL  2(  reET 
N«TION»l.  Ofl'OCIiL  v€l»TiC«i,  AATiiM  . 


NANTICOKE 
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i?  uoooo  fia 


wunAMS^atrr  f3  ui ' 

ftOAO  CLASSIFICATION 


SCALE  'vi, 62500 


UTU  C«0  AMO  I W UAGRETK  NOarx 

occuMATiON  AT  CCKTCR  or  sxcn 


CONTOUP  INTCRVAU  20  FEET 
HATIOKAI  CEOOCnc  VERTICAL  DATUM  OF  I9?9 


Pfi/nary  highway.  Light-duty  road  hard  or 

hard  surlaM  . irnproved  $urfac« 

Secondary  highway, 

hard  surface  — Unimproved  road  ....... 

Interstate  Route  Q U.  S Route  Q Stale  Route 


OUAORANCii  LOCATON 


NAUVOO 


APPENDIX 


159 


Prrnd 


Hr>o» 


’RBbbI'^ 


Harveys  Lak< 


(MAI9V£YS  LAKCI 


NOXEN 


160 
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( , 
v> 

■ r 

OLEONA 


APPENDIX 


161 


sooovei 


Jl^LSGROVC 


ehi^f 

Laktj 


'i^'r 


l\  Tt'iVDAr.  Hl^iDN 


[TATE 


•flft'X 


iHi/aHcswt.i.c> 


PICTURE  ROCKS 


C'.Ar.'-;;;:.::  * 


162 
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■30' 
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